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CHAPTER I. INTRODUCTION 
Problem Statement 
The Zambian government has over the years instituted 
programs aimed at increasing production and productivity in 
the agricultural sector. Small-scale farmers in particular 
have been targeted as the pivotal group for revamping 
agricultural production in the country. A small-scale farmer 
in Zambia is defined as any farmer engaged in crop production, 
who cultivates not more than five hectares of land (Zambia 
Ministry of Agriculture, 1991). The incorporation of income 
level considerations does not alter this definition, except 
for farmers who engage in farm activities other than crop 
production alone. However, due to lack of data on other farm 
activities, this study will consider only the crop production 
aspects of the Zambian small-scale farmer. Therefore, the 
above given definition of a small-scale farmer is sufficient 
for the purposes of this study. 
During the 1980's, when major focus was placed on 
agriculture, the government instituted programs which mainly 
aimed at helping small-scale farmers to attain sustained 
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surplus production levels that would allow them to become and 
remain active participants in the market economy. 
According to the revised census figures of 1990, there 
are 827,873 (Zambia Central Statistics Office, 1990) rural 
small-scale farm households in Zambia with an average 
household family size of five persons. The existence of such 
a huge human resource base provides a lot of potential for 
significant increases in capacity utilization in the 
agricultural sector. By providing market and non-market 
incentives to small-scale farmers and to all other categories 
of farmers, the government has succeeded in achieving 
significant increases in agricultural production, weather 
permitting. For instance, in the favorable rainfall year of 
the 1988/89 crop season, the production of the staple crop, 
maize, increased by eighty percent from 990 million kilograms 
in 1987/88 to 1.8 billion kilograms in 1988/89 (Zambia 
Ministry of Finance and Planning, 1989). The emergent^  and 
small-scale farmers account for about sixty percent of all 
maize production. Sustained increases in surplus production 
 ^ Emergent farmers in Zambia are farmers who cultivate more 
than five hectares of land but less than 40 hectares. They 
are consistent surplus producers and employ improved farm 
management techniques. 
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from small-scale farmers would help, therefore, to enhance 
agricultural and rural development in Zambia. This would in 
turn help to improve the contribution of the agricultural 
sector to national development as a whole. 
However, in addition to the challenges facing 
agricultural development efforts in Zambia, there has been a 
steady increase in the rate of environmental damage caused 
mainly by deforestation practices in the rural and peri-urban 
areas. Deforestation is especially more pronounced in the 
areas surrounding the urban centers where trees are cut, 
without replacement, to satisfy the demand for fuelwood and 
charcoal in the cities. 
Zambia has a closed forest area of 3.01 million hectares, 
an open forest area of 26.5 million hectares, and shrub-lands 
of 3.2 million hectares out of a total land area of 75.3 
million hectares (Congress of the U.S., 1984). Closed forests 
are defined as forests where continuous undergrowth is absent 
because of dense shading of the ground by the overstory trees. 
This occurs mainly in areas with moist climates, and the 
common tree species found in these areas are evergreen, semi-
deciduous or deciduous (Congress of the U.S., 1984). 
Estimates of the extent of deforestation in Zambia 
indicate that deforestation is indeed a big problem facing the 
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country. About 40,000 hectares of closed forest alone are 
deforested annually (Congress of the U.S., 1984). This 
represents approximately a 1.3 percent annual loss of Zambia's 
three million hectares of closed forest. 
By far the most significant factor that has contributed 
to the deforestation problem in Zambia is the huge demand that 
exists for fuelwood and charcoal for use in such domestic 
chores as cooking and residential heating as well as lighting 
in some cases. 
Deforestation is a big problem throughout Africa where 
about ninety percent of the population use fuelwood for their 
energy needs (Anderson, 1986). Given that deforestation is 
more pronounced near the urban and peri-urban centers where 
demand for fuelwood is the greatest, it would seem that Zambia 
should, therefore, have some of the highest deforestation 
rates in Africa. This seems especially so, considering that 
Zambia is one of the most urbanized African countries with 
nearly fifty percent of the eight million people living in the 
urban areas (Zambia Ministry of Finance and Planning, 1989). 
In Zambia, the burning of trees for charcoal and agricultural 
purposes puts an estimated 30 million metric tons of carbon 
dioxide into the atmosphere every year (Commercial Farmers 
Bureau, 1991). Southern, Lusaka, Central, and Copperbelt 
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Provinces are the major urban regions of Zambia where 
deforestation is more evident. 
Although Zambia has abundant and fertile agricultural 
land which is yet to be tapped, agricultural land shortage 
problems are not uncommon in some rural regions where there is 
very limited cleared and fertile land for cultivation. Land 
scarcity problems for a given area mainly arise as a result of 
increases in the local population. This translates to a need 
for more resources and food production for immediate 
consumption. 
The population of Zambia is increasing at a rate of 3.6 
percent per annum (Zambia Ministry of Finance and Planning, 
1989). Agricultural production, on the other hand, has been 
lagging behind. Currently, in the absence of increasing 
productivity in the agricultural sector, increases in 
agricultural production are attained by increasing the amount 
of agricultural land cultivated. Forests are, therefore, cut 
to make room for more agricultural land. 
However, the short term benefits realized through 
increased agricultural production could be outweighed by the 
long term effects of land degradation resulting from 
clearcutting and converting forest land into agricultural 
production. The Zambian government has tried to arrest the 
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problem of deforestation by promoting reforestation and 
afforestation programs through the Ministry of Natural 
Resources. This approach has not been highly successful 
mainly because of the limited human and capital resources 
available in the Ministry of Natural Resources. More human 
and capital resources need to be committed to the Ministry for 
any reforestation and afforestation programs to have a major 
impact on curbing the rates and effects of deforestation in 
Zambia. 
One way of reducing the clearcutting and conversion of 
forest land into agricultural production is to disseminate new 
technologies that help to increase agricultural production 
through higher productivity on the same tracts of land. 
Farmers should be encouraged to recognize the importance of 
forest resources through technology transfer and education. 
Only then are they more likely to incorporate environmental 
concerns into their agricultural production decisions. 
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Sustainable Agricultural Production and Economic Development 
in Zambia^ 
Since the inception of the mining industry in the early 
years of the twentieth century, Zambia's economy has relied 
heavily on the copper mining industry to provide the valuable 
foreign exchange earnings for the country. Currently, about 
90 percent of the foreign exchange earned by Zambia comes from 
the mining industry (Zambia Ministry of Finance and Planning, 
1989). 
During the colonial era, which lasted from 1890 to 1964, 
the colonial government pursued economic policies that 
concentrated most resources, especially capital investments, 
in the mining sector. This situation led to stagnation and in 
some cases even retrogression of the other sectors of the 
economy. 
The agricultural and forestry sectors were some of the 
most neglected in the Zambian economy. Colonial agricultural 
policies were designed to ensure stable and cheap food 
supplies for workers in the mining industry. This state of 
 ^adapted from the author's M.S. thesis. 
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affairs helped to adversely impact the rural-urban terms of 
trade and intensified the pressures of rural-urban migration. 
After the attainment of independence in 1964, the new 
Zambian government tried to address these rural-urban trade 
imbalances by improving real prices received by rural people 
for their agricultural produce. However, the measures did not 
go far enough to balance the rural-urban terms of trade. As a 
result, the pressures of rural-urban migration persisted and 
culminated into Zambia's current demographic situation. With 
almost fifty percent of its eight million people living in 
urban areas, Zambia today stands as one of the most urbanized 
countries in Africa (Zambia Ministry of Finance and Planning, 
1989). 
In the years before the world oil crisis of the early 
1970's, Zambia's economy was one of the healthiest in Sub-
Saharan Africa. This period of prosperity encouraged the 
evolution of a highly import-oriented and capital-intensive 
economic structure. However, the precipitous fall of copper 
prices in the 1970's, which somewhat coincided with the world 
oil crisis, created conditions that reduced the capacity and 
capability of the Zambian economy to generate enough surplus 
foreign exchange. 
9 
Per capita production and incomes began to decline 
steeply and continuously. Eventually, the foreign exchange 
reserves that were being utilized could no longer be 
replenished at the same rate. As a result, in the 1980's the 
government responded by embarking on austerity measures to 
diversify the economy. The main idea behind this was to make 
the economy less susceptible to copper revenue shocks arising 
from unstable market prices. 
The agricultural sector, being the least dependent on 
foreign exchange, was designated as the sector to lead the 
restructuring process of the economy. Major goals in the 
agricultural sector were to increase agricultural production 
and productivity through the deliberate use and strengthening 
of institutional support programs aimed mainly at the small-
scale farmers who constitute over 800,000 farming households. 
It was postulated that the transformation of this huge 
resource base into consistent surplus producers would 
significantly improve the agricultural sector and help the 
Zambian economy as a whole. 
Towards this end, the government, with the assistance of 
the International Monetary Fund (IMF), the World Bank, and the 
bilateral and multilateral donor countries, embarked on rural 
and agricultural development programs. These programs have 
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now been backed up with policy reforms that favor market 
responsiveness to changing economic conditions. 
During the period 1983 to 1987, the agricultural sector 
contributed an average of sixteen percent to the gross 
national product, and its contribution to Zambia's total 
exports was only two percent (Zambia Ministry of Finance and 
Planning, 1989). Zambia's fourth national development plan 
(FNDP) for the period 1989 to 1993 reflects the government's 
intentions to improve the contribution of the agricultural 
sector in the economy. Included in the agricultural sector 
plans are fisheries, forestry, and crop and livestock 
agriculture. 
The main objectives of the agricultural sector, as 
outlined in the fourth national development plan, are (Zambia 
Ministry of Finance and Planning, 1989 p.88): 
(a) to increase the capacity utilization of all private and 
public sector capital investments in agro-industries, 
(b) to achieve a satisfactory level of self-sufficiency at 
household, community and national levels in the 
production of staple foods, 
(c) to expand the production of agricultural exports, 
(d) to increase the import substitution and replacement of 
agricultural products and inputs. 
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(e) to promote the use of animal draught power with emphasis 
on oxenization (i.e., the use of oxen in farming), 
(f) to improve rural employment and incomes, 
(g) to balance agricultural production with environmental 
concerns, by minimizing the effects of natural 
catastrophes in agriculture (such as drought and 
floods), while simultaneously curtailing erosion and 
other environmental damages, 
(h) to develop and promote a national irrigation program 
aimed at both small-scale and large-scale producers, 
(i) to promote the efficient and orderly exploitation of 
Zambia's natural resources, with particular emphasis on 
forestry, 
(j) to support training and extension activities for farmers 
and other rural dwellers particularly those designed to 
improve their productivity and their nutritional and 
health standards, 
(k) to ensure that rural women and the youth are active 
participants and beneficiaries of agricultural and rural 
development activities, 
(1) to integrate nutritional concerns into agricultural 
planning and projects, 
(m) to integrate population education into agricultural 
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extension services, and 
(n) to balance agricultural production targets with changes 
in the size and growth rate of the nation's population 
so as to achieve the desired self-sufficiency in food 
production. 
The objectives specified in the fourth national 
development plan emphasize the need to increase production and 
productivity in the agricultural sector which would translate 
into improved living standards in the rural areas. 
Environmental concerns are addressed to ensure that the 
methods employed to increase efficiency in agricultural 
production also take into account the long term consequences 
of environmental degradation. These concerns are explicitly 
outlined in the above stated objectives (g) and (i) for 
agricultural development in the period from 1989 to 1993. The 
incorporation of environmental degradation concerns in 
agricultural production would help to enhance the 
sustainability of farming systems. This requires long term 
investments on the land. If user rights to land are clearly 
specified, farmers would be willing to make such investments 
on the land, so that they are able to reap present and future 
benefits of their investments in the land. Therefore, the 
issue of land tenure needs to be given serious consideration 
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by policy makers. A full discussion of land tenure issues is 
outlined later in this chapter. 
Clearcutting of trees to make way for agricultural crops 
has only helped to aggravate the environmental degradation 
problems in Zambia. This practice was relatively more 
entrenched in the northern part of Zambia where the 
"Chitemene" or slash and burn shifting agriculture was a 
common practice among the farmers. In this system, trees 
would be felled and burned to provide a temporal boost in soil 
fertility for the agricultural crops. Two or three years 
later, when soil fertility declined considerably, the land 
would be abandoned and left to regenerate. The farmer would 
then move to another plot of land to cultivate his/her crop. 
The major disadvantage of this system of forest removal, 
burning, and crop cultivation is that it is very wasteful of 
wood, land, and soil nutrients. The trees and other 
vegetation, which are burned to ash to provide some short term 
boost in soil fertility, could otherwise be used as firewood, 
charcoal, or for some other domestic purposes. The farmer 
also has a lot of idle land in fallow at any given time when 
practicing the slash and burn system of cultivation. The 
amount of land needed to support the slash and burn, cropping 
and fallow (regeneration) cycle of cultivation is many times 
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more than the land requirements for the traditional permanent 
plot agriculture. Assuming a three-year period of cultivation 
followed by a ten-year fallow period (i.e., a thirteen-year 
cycle), the farmer will need about four times as much land as 
he/she would need if he/she could maintain the fertility of 
the soil on the land he/she cultivates each year (Cook and 
Grut, 1989). With the expected increases in population, land 
shortages become a big problem in the slash and burn system. 
This type of agricultural practice was outlawed by the 
Zambian government in the 1970's. During the 1980's, the 
Ministry of Lands and Natural Resources increased their 
reforestation and afforestation efforts. Farmers and the 
general population were urged to actively participate in tree 
planting efforts. 
Deforestation, which can lead to land degradation and 
even desertification, is one of the major environmental 
concerns in Zambia. The government has tried to arrest 
deforestation by providing educational programs on the 
importance of forests. These educational efforts have been 
complemented with afforestation and reforestation programs 
through the Ministry of Lands and Natural Resources. Large 
areas are targeted by these programs which involve the 
planting of many millions of trees. It has been difficult to 
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achieve great success with these programs, or to even 
significantly reduce deforestation, because of the limited 
capital investments and human resources available in the 
Ministry of Lands and Natural Resources. These programs also 
have proved to be very costly and, therefore, impose great 
strain on the already tight government budget. 
Despite government efforts to reverse the situation, the 
rate of deforestation and the costs incurred in trying to curb 
it have continued to rise. One way of minimizing the costs 
involved in afforestation and reforestation programs is to 
incorporate the participation of the farmers who are scattered 
in all parts of the country, in the absence of significant 
socio-economic incentives, it has been very difficult to gain 
the participation of farmers in tree planting efforts. 
Farmers* expectations of short term gains from participation 
would have to be fulfilled if any significant recruitment of 
the farming community into reforestation and afforestation 
programs is to be realized. Their participation would not 
only reduce the need for more personnel and money in the 
Ministry of Natural Resources, it would also significantly 
reduce the amount of time required to cover the large areas to 
be reforested and afforested. 
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The benefits of reforestation and afforestation for 
ecological reasons are usually difficult to quantify. Fanners 
may be more concerned with food production for present 
consumption and less concerned about any long term 
environmental damage caused to their land. Governmental 
efforts to encourage farmers' participation in tree planting 
plans, therefore, would have to ensure that farmers' immediate 
needs for food production and economic well being are 
incorporated in these plans. Currently, major concerns in 
rural Zambia involve food production, satisfaction of biomass 
energy requirements (fuelwood, primarily), and to a lesser 
extent some supplemental income. Most of the fuelwood is from 
natural forests where supplies are being depleted at a more 
rapid rate than natural regeneration can occur. 
The farming systems of agroforestry offer a very good 
alternative for providing the basic needs of the rural people, 
such as fuelwood, fodder and agricultural production. The 
concept of agroforestry, therefore, holds much promise for 
fulfilling the government's objectives of not only achieving 
significant increases in agricultural production and 
productivity, but also in ensuring that environmental damage 
is simultaneously and markedly reduced. 
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Agroforestry Farming Systems 
The International Council for Research in Agroforestry 
(ICRAF) defines agroforestry as; 
a collective name for all land-use systems and 
practices in which woody perennials are 
deliberately grown on the same land management 
unit as crops and/or animals. This can be 
either in some form of spatial arrangement or 
in time sequence. To qualify as agroforestry, 
a given land-use system or practice must 
permit significant economic and ecological 
interactions between the woody and non-woody 
components (Lundgren, 1982). 
Others have defined the term agroforestry more broadly to 
include many different activities involving the incorporation 
or retention of trees or shrubs into agricultural and/or 
pastoral systems. Such activities may include planting fruit 
trees around a homestead, growing trees in a woodlot to 
produce fuelwood or building poles, or intercropping trees 
with other crops on a farm lot. They also include passive 
systems that are based on protection and natural regeneration 
of indigenous trees (Cook and Grut, 1989). The ICRAF 
definition of agroforestry excludes the passive agroforestry 
(farming) systems that are widely found in Africa. 
In this study, the term agroforestry will include both 
the passive and the active forms of farming systems. The key 
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element is that there is some significant economic and 
ecological interactions between the growing or retention of 
trees and the agricultural crop and/or livestock production. 
Agroforestry (farming) systems, therefore, involve the 
simultaneous or sequential combination of woody plants with 
agricultural crop production and/or livestock production. The 
basic premise of agroforestry is to try to maximize derived 
benefits from this type of production mix rather than from 
traditional forms of agriculture. Unlike the case with 
traditional forms of agriculture, production in agroforestry 
(farming) systems covers multi-periods with investments and 
benefits accruing at different periods of time. 
Multi-purpose tree and shrub species hold the greatest 
potential in optimizing benefits in an agroforestry (farming) 
system. Shrubs are particularly important in agroforestry 
(farming) systems because they are able to provide tangible 
benefits to farmers earlier than would other trees. In 
particular, small-scale farmers have exhibited high risk 
aversion with regard to adopting newly disseminated farming 
techniques. 
Small-scale farmers' immediate concerns are usually food 
production and some supplemental cash. The time lag attached 
to the realization of returns in an agroforestry (farming) 
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system makes it more difficult for small-scale farmers to 
easily adopt the new agroforestry technologies. Therefore, 
shrubs are a very vital component in a strategy of encouraging 
small-scale farmers* participation in agroforestry (farming) 
systems because shrubs mature relatively faster than trees. 
Agroforestry (farming) systems have great potential for 
enhancing sustainable agricultural systems and ensuring 
optimal agricultural production. This is especially so in 
areas where there are serious soil fertility problems and 
where the production of basic needs, such as food, shelter, 
fuel, fertilizers, and fodder, is very important to the local 
economy. In these situations, agroforestry (farming) systems 
could provide good prospects for 1) restoring soil fertility 
and stability, 2) providing food for farmers and fodder for 
animals, 3) sustaining the quality and quantity of water 
resources, 4) increasing the supply of fuelwood, and 5) 
improving land productivity through the interaction of trees 
and tree products with crops and/or livestock in integrated 
farming systems. 
Cook and Grut summarized the benefits of agroforestry 
(farming) practices as follows: 
The benefits of agroforestry practices can be 
divided into two groups. Direct benefits 
include; fruits and leaves for food and fodder; 
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wood for fuel, building material, and stakes; 
bark for tanning or medicine. The commercial 
value of these benefits is generally small in 
comparison with that of the total output of the 
farms, particularly if the time dimension is 
taken into account. Tree products, however, are 
important in ensuring the self-sufficiency of 
the farm household, and they can supplement cash 
income at critical periods. Indirect benefits 
are also obtained through the positive mechanical 
and/or biological effects of trees on crops. 
These include shade, reduction of wind velocity, 
suppression of weeds, improved moisture retention, 
reduction of erosion, reduction of albedo, and the 
provision of nutrients through the addition of 
organic matter to the soil. Through both direct 
and indirect benefits, agroforestry makes an 
important contribution to increased farm 
productivity, assisting Africa's transition from 
itinerant to permanent agriculture. 
(Cook and Grut, 1989 p.38) 
Similarly, agroforestry (farming) practices have the 
potential for improving the present agricultural situation in 
Zambia through increasing both the quantity and quality of 
agricultural production. Zambia continues to face the 
challenges of ensuring adequate food production from the land. 
At the same time, attention is being focused on issues of land 
degradation in the present agricultural production practices 
and the ensuing long term detrimental effects on the 
environment. Although agroforestry (farming) methods alone 
cannot solve all the environmental degradation problems of 
Zambia, they have great potential for making significant 
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contributions towards alleviating these problems. 
Currently, there is increasing recognition of the 
important role trees can play in Zambian agriculture. 
Agroforestry (farming) methods can help to generate a 
sustainable agricultural production base that would translate 
into higher living standards for the rural population, while 
simultaneously reducing environmental damage. 
Farmers in Zambia, as in most parts of Africa, have 
practiced agroforestry (farming) for centuries. Passive forms 
of agroforestry have been the most prevalently practiced ones 
in the rural regions. The government's responsibility in 
encouraging agroforestry (farming) at this time would seem to 
be more restricted towards disseminating technologies that can 
help to make the present systems more productive and 
efficient. 
Serious research in agroforestry in Zambia is a very new 
phenomenon. Some research is being carried out under the 
auspices of the Ministry of Agriculture and under 
collaborative ventures with international bodies. The most 
advanced research works currently underway are the ones being 
carried out by the International Council on Research in 
Agroforestry (ICRAF) at the Msekera regional research station 
in Chipata and by Zambia's Ministry of Agriculture at 
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Chalimbana research station near Lusaka, the capital city of 
Zambia. 
So far, the government has allocated K 10.9 million' for 
agroforestry research in the fourth national development plan 
(Zambia Ministry of Finance and Planning, 1989). This 
represents less than one percent of the K 2.1 billion 
allocated by the government for agricultural projects during 
the fourth national development plan period (Zambia Ministry 
of Finance and Planning, 1989). However, considering that 
this is just the start of serious research endeavors, the 
amount allocated indicates some commitment towards 
agroforestry research. This allocated amount of K 10.9 
million does not include the money other private and 
international groups are likely to invest in agroforestry 
research in Zambia over the same planning period. 
Land Tenure Issues 
Land and tree utilization rights are very important 
aspects in any efforts to promote agroforestry (farming) 
' Kwacha is the Zambian currency: K40 " US$1 
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systems. Agroforestry provides a way of ensuring more or less 
permanent improvements to agricultural lands. Therefore, a 
farmer may be reluctant to make such improvements on the land 
if exclusive rights to the use of the land and the reaping of 
benefits arising from it are not clearly specified and 
guaranteed. 
In Zambia, the Land Act of 1975 vested all the land in 
the hands of the President. The land is to held and 
administered by the President in perpetuity on behalf of the 
people of Zambia. There are three types of land 
classifications in Zambia: (1) state lands, (2) trust lands, 
and (3) reserve lands. Table 1.1 below gives the area under 
each land classification. 
This type of land classification has its roots in 
Zambia's colonial past. The state lands, then called crown 
lands, were set aside by the colonial government for white 
settlements. The administration of these lands was done in 
accordance with British law. However, the anticipated huge 
influx of white settlers did not materialize. Some of the 
idle crown lands were thus reclassified as trust lands to be 
held in trust for the indigenous African population. A 
variety of African tribal groups were then allowed to occupy 
these lands. This reclassification was also necessary for 
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Table 1.1 Area under Each Land Classification 
(Zambia Ministry of Agriculture and Water 
Development, 1982 p.9) 
Classification Area (Ha) 
State lands 
Alienated in leasehold 2,300,579 
Under tribal occupation 509,396 
Unalienated 125,102 
Inundated by water 216,250 
Forest reserves 546,470 
Protected forest areas 382,750 
4,080,547 
Reserve lands 
(including 689,691 ha. 
of protected forest areas) 27,314,000 
Trust lands 
(including 4,250,889 ha. of 
protected forest areas and 
29,153 ha. of forest reserves) 38,977,530 
National Parks, etc. 5,826,300 
Total Area 76,198,377 
easing the congestion that was imminent in the reserve lands 
where the Africans were previously confined. The major 
difference between trust and reserve lands is that reserve 
lands were mainly to be occupied by particular tribal groups, 
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Whereas trust lands were to be occupied by different tribal 
groups. 
Most large-scale commercial farming in Zambia is done on 
state lands where user rights for land are acquired by title 
deed on a one hundred year "leasehold" basis under government 
prescribed terms and conditions. The leasehold is subject to 
renewal for subsequent one hundred year leases, if the 
prescribed terms and conditions are not violated in the 
previous lease. In the event these terms and conditions are 
not followed, the land may be forfeited to the state. One of 
these terms and conditions is that the leased land should not 
be sold. Title deeds to the land can change hands, but only 
the improvements on the land should be evaluated and sold. 
The emergent and small-scale fanners, in the vast 
majority of cases, use reserve and trust lands for their 
agricultural activities. Unlike in the leasehold system of 
the large-scale farmers, most of the emergent and small-scale 
farmers are assigned user rights to land under the customary 
law system through tribal chiefs and village headmen. 
The lack of title deed to land is seen as one of the 
problems an emergent or small-scale farmer may consider before 
implementing an agroforestry (farming) system. This requires 
then that land and tree tenure issues have to be seriously 
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addressed, so that farmers who make the decision to invest 
their scarce resources into agroforestry (farming) systems 
have a real chance of reaping current and future benefits from 
their improved lands. 
Dealing with land tenure issues alone, however, cannot 
ensure complete removal of obstacles to improved production 
and productivity in the rural areas. Other aspects of 
agricultural development, such as input and output marketing, 
research, extension and credit, need to be addressed alongside 
land tenure issues if significant changes in agricultural 
production and productivity are to be realized. 
Deforestation and the Greenhouse Effect 
The problem of deforestation in Zambia, as in most less 
developed countries, is receiving world-wide attention because 
of the increased awareness of its potential detrimental 
effects on the global ecosystems. One of the major concerns 
is that of the greenhouse effect. The greenhouse effect 
refers to the situation where atmospheric gases allow in 
shortwave radiation from the sun but prevent some of the 
longwave radiation on earth from escaping back into the 
atmosphere. Carbon dioxide is the major greenhouse gas. The 
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primary sources of carbon dioxide are burning of fossil 
fuels and deforestation. Some of the consequences of the 
increased greenhouse effect are global warming and major 
disruptions of weather patterns on Earth. 
Besides carbon dioxide, other common greenhouse gases are 
methane, nitrous oxides, and chlorofluorocarbons. Methane, 
which is primarily produced by bacterial decomposition of 
organic matter, has increased worldwide by about 0.8 percent 
per year since 1986 (NOAA, 1990). Nitrous oxides (NOx), 
produced mainly by fossil fuel burning, natural 
denitrification and the use of nitrogen fertilizers, have 
increased in concentration by about 0.25 percent per year. 
The two chloroflurocarbons, CFC-11 and CFC-12, which also 
destroy the ozone layer in the stratosphere, have increased by 
about 4.0 percent per year (NOAA, 1990). Carbon dioxide, the 
gas primarily responsible for global warming, has increased in 
atmospheric concentrations by an average of about 0.5 percent 
per year from 1986 to 1989 (NOAA, 1990). 
Planting of trees can help alleviate the global problem 
of carbon dioxide build up. For instance, it is estimated 
that the planting of 32 million acres of trees would result in 
the removal of 65 million tons of carbon annually while the 
trees are growing (Schultz, 1989). When trees approach 
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maturity and their carbon intake slows down, they can be 
harvested on a sustainable yield basis for biomass energy 
production and for other uses. 
The location of the tree planting site does not really 
matter in so far as the effective absorption of atmospheric 
carbon dioxide is concerned. This is the idea behind a 
proposed project being funded by Applied Energy Services of 
Virginia, U.S.A. The main purpose of the project is to plant 
52 million trees in Guatemala, Central America with a view of 
offsetting the future carbon emissions of a coal power plant 
being built by Applied Energy Services in Connecticut, U.S.A. 
(Schultz, 1989). 
The new approach that presents deforestation as a global 
issue has created an unprecedented environment for 
international cooperation in the search for solutions to the 
problem. International cooperation is crucial, especially for 
the less developed countries, which lack adequate resources to 
deal with environmental problems. Less developed countries 
are more likely to channel their limited resources into other 
sectors of the economy, leaving very little, if anything, for 
environmental projects. In light of this situation, there has 
been discussion in the western world of forgiving some of the 
debt for those less developed countries that institute 
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programs aimed at curbing environmental problems such as 
deforestation. 
Objectives of the Study 
The focus of the study is on the production systems of 
small-scale farmers (farm size no more than five hectares) in 
Zambia. 
Because serious research in agroforestry (farming) 
systems in Zambia is a very recent phenomenon, a ready 
database on agroforestry systems is yet to be adequately and 
fully established. In the absence of quality data, the main 
objective of this study is to concentrate on developing a 
conceptual and methodological framework that can be useful in 
the economic analysis of agroforestry (farming) systems in 
Zambia. 
Considering the dearth of data, some caution should be 
exercised in applying the empirical results presented in this 
study. The results in the study are more indicative than 
precise. Specifically, the objectives of the study are; 
(1) to study the decision making behavior of small-scale 
farmers utilizing farming practices that take into 
consideration environmental concerns. These 
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environmental concerns arise from land degradation 
issues caused mainly by the clearcutting of trees to 
make way for agricultural production, 
(2) to apply various economic criteria to investigate the 
economic viability of agroforestry (farming) systems in 
Zambia, 
(3) to outline a theoretical framework for determining 
optimal management of tree stands. This is included as 
an option for farmers who may be interested in growing 
trees for commercial purposes, and 
(4) to outline possible short term and long term policy 
recommendations that may arise from the assessment of 
agroforestry (farming) systems in Zambia. 
Plan of the Study 
Chapter I gives the introduction of the study. It 
outlines the problems under review and also spells out what 
the study intends to accomplish. 
Chapter II presents some of the literature on 
agroforestry. Because of the abundance of literature on 
agroforestry, emphasis is placed on those that have an 
economic dimension. 
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Chapter III outlines the conceptual and methodological 
framework for the study. Theoretical and empirical models for 
the study are outlined in this chapter. First, the 
preliminary framework of the study is outlined. Three common 
project evaluation techniques are used to analyze the 
different types of agroforestry systems under review. The 
techniques used are net present value (NPV), internal rate of 
return (IRR), and the benefit-cost ratio (B/C). 
Second, the risk-free mathematical programming model in 
the linear form is presented. The theoretical aspects of 
mathematical programming are outlined first, and the empirical 
risk-free mathematical programming problem is then specified. 
Third, risk is incorporated into the analysis of the 
agroforestry systems. A theoretical risk programming model is 
presented to reflect the risk components farmers face. Then 
the empirical risk programming model is specified. Risk is 
introduced through variations in the farmer's income caused by 
changes in the prices of farm outputs and by crop yield 
variations due to weather-related factors. 
Chapter IV presents the results and discussions arising 
from the empirical models outlined in the previous chapter. 
The summary and policy recommendations are outlined in 
Chapter V. 
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Appendix I outlines the agroforestry (farming) system 
analyzed in this study. The farming system presented is in 
the form of excerpts of agroforestry research reports for the 
1988/89 and 1989/90 crop seasons. These reports outline the 
methods employed and the level of yields attained in 
agroforestry research trials at Chalimbana in Lusaka, Zambia. 
The economic analysis in this study is based on these 
agroforestry systems. 
Appendix II outlines some of the uses of forests and 
forest products. Emphasis is placed on the ecological and 
economic benefits of forest resources. Appendix III presents 
in tabular form the status of the African tropical forests. 
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CHAPTER II. LITERATURE REVIEW 
In this study, the review of literature on the concept of 
agroforestry (farming) systems was selective rather than 
exhaustive because of abundant literature on hand. Major 
emphasis was placed on literature relating to the economic 
aspects of agroforestry, and with particular application to 
Zambia. 
Most of the agroforestry modelling techniques reviewed do 
not incorporate risk in their analysis. Models that do not 
incorporate risk in their analysis usually provide farming 
practice recommendations that are overly aggressive and, 
therefore, unattractive to farmers. 
Dykstra (1984), in his book on natural resource 
management, outlines an agroforestry (farming) system 
incorporating nutritional considerations. The evaluation is 
based on the farming systems of Msangano, an Ujamaa village in 
southern Tanzania. The basic problem analyzed is that of 
ensuring adequate food supplies to meet the minimum 
nutritional requirements of the people in the village and also 
to ensure that adequate supplies of fuelwood are available for 
cooking, warming, and even lighting. 
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Maize, beans, and green vegetables are the three major 
crops considered in the analysis. The green vegetables are 
grown in open garden plots, whereas the maize and beans are 
either open grown or intercropped with eucalyptus melliodora 
trees on a four year rotation for fuelwood. The food crops 
are allowed to be grown in the agroforestry plantation only 
during the first two years after planting. After that, the 
shading from the eucalyptus trees is assumed to limit the 
growing of agricultural crops in between the trees. The trees 
are then clearcut after four years to make way for another 
cycle of agroforestry (farming) on the same plot of land. 
Although land is not a limiting factor in the Ujamaa 
village, Dykstra uses a linear programming model that 
minimizes the total land area under cultivation subject to the 
minimum constraints on food, nutritional requirements and on 
the amount of fuelwood required. 
The optimal solution to Dykstra's agroforestry problem 
suggests that no beans should be grown in the village using 
the traditional open grown farming systems. His linear 
programming solution also suggests that when beans are inter­
cropped with eucalyptus trees in an agroforestry setting, no 
beans should be planted in the first year of the four year 
rotation system. Dykstra points out that such recommendations 
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would not be very welcome by the villagers who rely heavily on 
the beans as a main food supplement. 
Dykstra's analysis does not incorporate any prices. This 
is a drawback. The inclusion of prices in the analysis may 
result in changes in the way resources are allocated in the 
agroforestry system. Therefore, the use of prices could bring 
about a different optimal solution to Dykstra's linear 
programming problem. Dykstra's analysis also ignores other 
factors, such as capital and labor, that are necessary in any 
agroforestry (farming) systems. 
Etherington and Matthews (1983), in their study on the 
approaches to the economic evaluation of agroforestry 
(farming) systems, argue that analyzing the economics of these 
farming systems from a purely analytical point of view with 
mathematical equations and diagrams explaining the principles 
in the analysis, is useful for teaching purposes alone, but 
has little practical relevance. The practical approaches they 
suggest include those methods that use farm budgeting 
techniques. They contend that these farm budgets aim at 
providing better alternatives to a farm planning problem 
rather than just giving solutions. 
Etherington and Matthews outline a farm budget computer 
procedure called "MULBUD", which provides a multi-component. 
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multi-time period budget analysis for farming systems. This 
computer package has found wide use, particularly with 
planners dealing with small-scale agroforestry (farming) 
systems. The program provides rapid iterative feedbacks with 
agroforestry planners and entrepreneurs. It provides answers 
to problems of a sensitivity analysis nature arising from 
changes in the prices of inputs and outputs and from changes 
in the technological set available for the farming system. 
That way, the planners and entrepreneurs using the MULBUD 
program can be made aware of the alternative agroforestry 
(farming) systems that are presented by different conditions 
and time periods. 
The approach presented by Etherington and Matthews 
provides the agroforestry planner or entrepreneur a wide 
choice of alternative systems for consideration. The final 
choice of one system using this procedure is very subjective 
to some extent. However, this approach has an advantage in 
that it allows for considerable inter-disciplinary 
cooperation regarding the choices of agroforestry (farming) 
systems to adopt. This method, therefore, fits well into the 
farming systems approach to agricultural development for 
Zambia. 
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One disadvantage of this approach is that it does not 
present an optimal way of utilizing the resources being used 
in the selected agroforestry system. The analysis also 
assumes that all the variables that go into agroforestry 
(farming) already have been determined and valued. The 
approach tries to incorporate some of the risk elements in 
agroforestry (farming) by allowing for rapid evaluation and 
presentation of alternative farming systems under various 
economic and ecological conditions. Incorporating risk in 
this manner, however, does not take into account the spatial 
and sequential effects inherent in agroforestry (farming) 
systems. 
Verinumbe et al. (1984) have developed a linear 
programming model to analyze the economic potential of 
leguminous tree crops in zero tillage cropping in Nigeria. 
Their study covers four types of zero tillage farming; (1) 
pure maize zero tillage, (2) zero tillage with live mulch, (3) 
zero tillage with pigeon pea, and (4) zero tillage alley 
cropping with Leucaena leucoceohala. All the outlined zero 
tillage farming systems are based on maize cultivation in a 
two season sequence. The maize-based zero tillage farming 
systems analyzed in their study are: (1) maize cultivation in 
the first season followed by maize cultivation in the second 
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season, (2) maize cultivation in the first season followed by 
a second season of stylo cultivation, (3) maize cultivation in 
the first season followed by a second growing season of maize 
intercropped with stylo, (4) maize cultivation in the first 
growing season followed by pigeon pea cultivation in the 
second season, (5) maize cultivation in the first growing 
season followed by a second season of maize intercropped with 
pigeon pea, and (6) maize alley cropped with L. leucocenhala 
in both the first and second growing seasons. 
The agroforestry species of stylo, pigeon pea, and L. 
leucocephala are considered for their function as cover crops 
only. The study ignores the other marketable or farm 
consumption-based benefits, such as forage and fuelwood, 
arising from the use of these species in an agroforestry 
(farming) system. No fertilizer use is allowed for in the 
analysis. 
The optimal solution to their linear programming 
problem indicates that the inclusion of L. leucocephala and 
stylo in the zero tillage farming system provides higher 
profit margins than those obtained when maize is planted 
without any L. leucocephala or stylo. In particular, the 
farming systems of maize-Leucaena intercropping and the maize 
cultivation followed by second season stylo cultivation are 
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found to be the most profitable farm combinations in their 
study. However, risk considerations, which are inherent in 
most farming systems, are not incorporated in this analysis. 
Hoekstra (1983), in his study on alley cropping, tries to 
analyze the benefits accruing to a farmer who adopts an 
agroforestry (farming) system using Leucaena alley cropping 
with maize and beans. Hoekstra first develops a model to 
analyze the traditional agricultural practices of maize-beans 
intercropping in the Machakos district of Kenya. He then 
compares the traditional farming systems with an agroforestry 
system that included leucocephala in the alley cropping. 
Hoekstra's results indicate that the net present values 
per hectare for the Leucaena alley cropping at four discount 
rates (8%, 16%, 24% and 32%) are almost double those for the 
traditional maize and beans cultivation systems. Hoekstra 
uses the MULBUD computer procedure to carry out his analysis 
and most of the data used for the evaluation of the 
agroforestry (farming) system of Leucaena alley cropping are 
simulated. Therefore, there exists a potential controversy on 
the use of this type of simulated data. As with the other 
people who use the MULBUD procedure to analyze farming 
systems, Hoekstra's approach is entirely deterministic. 
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Garrett and Kurtz (1983) have evaluated the silvicultural 
and economic relationships of integrated forestry-farming with 
black walnut in Missouri. The four assumed multi-cropping 
management systems analyzed are: (1) planting of black walnut 
trees on a wide spacing of 12.2 by 12.2 meters and 
intercropping with soybeans and winter wheat for the first ten 
years, then followed by five years of fescue hay and seed 
production and finally grazing, (2) providing protection for 
planted walnut seedlings and grazing throughout the rotation, 
(3) intercropping with soybeans and wheat for ten years 
followed by five years of fescue seed and hay production and 
then hay production for the rest of the rotation period, and 
(4) fescue seed and hay intercropping for the first fifteen 
years followed by grazing. 
The assumed farming systems considered by Garrett and 
Kurtz have been selected on the basis of feasibility, 
versatility, and adaptability within the natural range of 
black walnut. The internal rate of return and the present net 
value methods are used to determine the economic feasibility 
of each one of the four different farming systems at a real 
discount rate of 7.5 percent. 
Their conclusion is that black walnut multi-cropping 
farming systems are indeed financially viable agricultural 
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land use alternatives. The financial analysis presented by 
Garrett and Kurtz indicates that all the four different 
farming systems have an internal rate of return greater than 
7.5 percent and a positive net present value, except for the 
farming system consisting of grazing alone. The grazing only 
farming system shows economic viability only when black walnut 
diameter growth is 1.27 centimeters per year and the site 
index is 24.4 meters. 
Arnold (1983) examines some selected agroforestry 
(farming) systems to identify the farmer's economic 
considerations that caused trees to be excluded or included in 
the agricultural practices. Arnold considers such aspects as 
resource availability, economic research and risk management, 
production objectives, markets, and marketing. 
Economic benefits and incentives in an agroforestry 
(farming) system are analyzed as are the economic costs and 
constraints. Welfare distribution and equity considerations 
are also covered in the analysis. Arnold implicitly expresses 
the need for deliberate and concerted efforts in tackling the 
problems of the poor and landless in the rural areas by 
ensuring that this group of people shares in the benefits 
derived from the introduced agroforestry projects. Arnold 
states that this distributional impact can be achieved if the 
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prerequisites are in place to support the smallholder farmers. 
These prerequisites include the use of appropriate and proven 
technical packages for smallholder farmers, extension 
services, good credit, and marketing systems. 
Hyman (1983) evaluates loan financing in relation to 
unsuccessful World Bank financed projects of smallholder tree 
farmers in the Ilocos region of the Philippines. The 
project's main purpose was to produce fuelwood for Virginia 
tobacco curing. Hyman states that the project was 
unsuccessful largely due to local cultural attitudes towards 
borrowing money, inadequate forestry extension services, and 
the dispersed characteristics of the fuelwood markets. 
The economic evaluation of the project seems to present 
very unstable profit margins for the tree farming systems, 
especially when land and labor costs are included in the 
analysis. This is not the case though for areas which were 
considered submarginal for agricultural and other purposes. 
Vergara et al. (1984), working as a group on agroforestry 
environment and policy, have prepared a report presenting some 
economic evaluation techniques for agroforestry (farming) 
systems. The methods they outline in their report are the net 
present value method, the benefit-cost ratio method, and the 
internal rate of return. 
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The authors indicate that the net present value and 
benefit-cost ratio methods may be more useful in the field 
because of their ease of calculation. At the end of the 
report, a simplified example is given to illustrate the 
methods of evaluation. This example is for an upland farm of 
two hectares which has been planted to maize twice a year. 
Then an agroforestry project is introduced with alley cropping 
of Leucaena with maize under a twelve year period of 
consideration. The economic analysis presented by the authors 
compares the pure maize cropping system before the project and 
after the introduction of the agroforestry (farming) system. 
The results from their simplified problem indicate that 
greater benefits are derived with agroforestry (farming) 
systems than with the traditional farming systems. 
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CHAPTER III. METHODOLOGY 
The study utilizes some of the common project evaluation 
techniques for preliminary analysis of the viability of the 
different agroforestry (farming) systems. The techniques used 
are the net present worth method, the internal rate of return 
method and the method of benefit-cost ratio analysis. 
This part of the analysis is used to provide some 
indication of the economic viability of the agroforestry 
systems to be studied. This way, the farming systems that are 
considered to be economically unattractive are excluded from 
any further analysis. 
The decision making patterns of farmers under risk and 
risk-free conditions are analyzed for those economically 
viable agroforestry (farming) systems. These farming systems 
are subjected to mathematical programming techniques to 
determine optimal crop and woody (tree) plant combinations 
under different assumed economic and environmental conditions. 
The decision making patterns of the farmers under risk 
conditions are then compared to decision making patterns under 
risk-free conditions. First, a linear programming model is 
developed to analyze the agroforestry (farming) systems 
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assumed to be feasible for small-scale farmers in Zambia. 
Then risk is introduced in the analysis through the use of a 
risk programming model. The risk programming model seeks to 
incorporate some of the risks that are faced by farmers. The 
risk factors considered are; 1) price uncertainty for farm 
outputs, and 2) crop yield variations arising from weather-
related factors, such as rainfall. 
Preliminary Economic Analysis 
The benefits of the proposed agroforestry (farming) 
systems are captured through the increase in the farmer's 
producer and consumer surpluses, or in net farm income. In a 
competitive input factor market environment, the producer 
surplus will be equal to the sum of the factor surpluses in 
the input markets. In trying to quantify the farmer's 
welfare, problems arise in valuing farm inputs and outputs. 
Different kinds of price vectors could be used in valuation. 
The principles of consumer and factor surpluses are sometimes 
used instead of opportunity cost analysis. However, in the 
final analysis, both methods should lead to the same 
conclusions. 
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In economic analysis, costs and benefits are measured by 
shadow prices rather than market prices. In some cases, 
however, market prices and shadow prices are the same. Under 
perfectly competitive equilibrium market conditions, farmers 
produce at the level where the values of marginal products of 
their inputs equal the input market prices. 
Financial analysis, on one hand, utilizes prevailing 
market prices to value the costs and benefits of the 
enterprise. Efficiency analysis estimates market equilibrium 
prices that would result if distortions, such as taxes and 
subsidies, were absent in the market. 
Social profitability analysis, on the other hand, 
combines both equity and efficiency considerations in the 
evaluation. The prices used in social analysis are not only 
without distortions, they also have differential income 
weights. The externality component is incorporated to reflect 
actual prices for basic output and input needs. Social 
analysis considers the benefits the enterprise generates and 
how the benefits are distributed in the community. Social 
profitability analysis, therefore, adds another dimension to 
the analysis by attempting to explain how resources used in 
the evaluation of the farming systems affect resource 
allocation in the economy as a whole. 
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There are many criteria used in the economic evaluation 
of farming systems, but the most widely used ones are the 
methods of net present value, internal rate of return, and the 
benefit-cost ratio. 
The net present value of a farming enterprise is the 
summation of the discounted net benefits generated over a 
finite period of time. Let us consider an agroforestry 
(farming) enterprise that will generate economic costs and 
benefits over (n) years, beginning at year t=0 and ending at 
year t=(n-l). We also define: 
The Net Present Value Criterion 
C 
B 
t 
t the aggregate monetary benefits from the 
farm in year t, 
the aggregate monetary costs of the farm in 
G, 
r 
t 
year t, 
(B^  - Cj) = the aggregate net benefits from 
the farm in year t, 
the opportunity cost or the discount rate 
for the investments made on the farm. 
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The net present value of the agroforestry (farming) system 
over the (n) years is: 
=  ( B n - C „ ) +  (1+r) (l+r)2 + . 
(^ n-l ^ n-l) 
(l+r)n-i 
The net benefits of the farming system are discounted to 
a common year, t=0. This allows for a standard unit 
comparison of net benefits that accrue in different years over 
the evaluation period. Net benefits obtained in year t, are 
converted to equivalent units in the base year by using the 
discount factor (1+r)"*. The discounting rate, r, is 
typically an estimate of the opportunity cost of capital. 
The decision criterion in the net present value analysis 
is to consider as economically worthwhile all projects that 
have a non-negative net present value. If mutually exclusive 
farming systems are being evaluated, the decision criterion 
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would be to prefer the system with the highest net present 
value. In reaching this decision, however, the costs 
and benefits of all the mutually exclusive farming systems 
under evaluation will have to be discounted to the same base 
year. 
The net present value method is an absolute rather than a 
relative measure of profitability. It is, therefore, not a 
very acceptable method for ranking alternative independent 
farming systems. 
It should be noted that mutually exclusive farming 
systems are not the same as independent farming systems. If 
enough funds are available, all independent farming systems 
can be implemented. However, for mutually exclusive farming 
systems, the implementation of one system precludes 
implementing the other. 
The Internal Rate of Return Criterion 
The internal rate of return, (r*) , of a farming system is 
the quantified opportunity cost of capital that makes the net 
present value equal zero. This occurs at the point where 
benefits accruing to the farm are equal to the costs being 
incurred. The internal rate of return is obtained by solving 
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the following system of equations for (r*) . 
( 2 )  NPV = T—^  6 (l+r.)t 6o (l+r.)t 
= (BQ-CJ + (l+r.) " (i+rj 
, (B2-C2) . (Bn-i-Cn-l) 
(1+r.)*^  
= 0 
where all the variables are defined as in equation (1). 
The internal rate of return is, therefore, the maximum 
interest rate that a project could pay for the resources used, 
if the project is to recover its investment and operating 
costs and still break even (Gittinger, 1982). 
The decision rule when using the internal rate of return 
criterion is to consider a farming system as economically 
viable if its rate of return, (r.), is greater than the 
alternative rate of return. The alternative rate of return in 
this case would include such rate of returns as bank interest 
rates. However, the bank interest rates should not be 
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considered as the only alternative rates of return available. 
The internal rate of return criterion performs relatively 
well when considering independent farming systems. The 
advantage of this approach is that it does not need any 
subjective estimation of the opportunity cost of capital to be 
used for discounting benefits and costs. Subjective inputs in 
the evaluation of the farming systems are thus minimized. 
Most international financing agencies, such as the World Bank, 
prefer to use the internal rate of return criterion partly for 
this reason. 
The internal rate of return method becomes highly 
unreliable, however, when evaluating mutually exclusive 
farming systems. Ranking mutually exclusive farming systems 
by this method would result in errors. The internal rate of 
return is a relative rather than an absolute measure of a 
project's worth. It is conceivable that a farming system with 
a higher wealth generating capacity may have a lower internal 
rate of return. 
Another disadvantage of the internal rate of return 
method is that there is no direct method of calculating the 
internal rate of return. Its calculation is done by a process 
of trial and error, of course facilitated by use of computer 
algorithms. 
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In addition, we cannot confidently use this criterion to 
rank different farming systems. In some situations, a unique 
internal rate of return may not even be available. This 
problem does not arise with the other methods discussed in 
this section of the study. 
The Benefit-Cost Ratio Criterion 
The benefit-cost ratio is the value obtained from 
dividing the present value of benefits by the present value of 
costs in the farming system. An estimate, (r), of the 
opportunity cost of capital is used to discount all the stream 
of benefits and costs that occur at different periods of time. 
This is done to allow benefits and costs generated over 
different time periods to be analyzed in standard units of the 
base period. The benefit-cost ratio is presented as follows: 
(3) B/C =  ^(Bç) / ^  (Ct) h (l+r)t h (l+r)t 
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(Bn) (Bi) (1+r) 
(Bn-i) 
(l+r)n-i 
(Cn-l) 
(l+r)n-l 
(Co) + (Cl) (1+r) 
where all the variables are as defined in equation (1). 
The decision rule under the benefit-cost ratio method is 
to accept all the independent farming systems that have a 
benefit-cost ratio of one or greater (B/C = > 1). 
The opportunity cost of capital chosen for discounting 
will influence the value of the benefit-cost ratio. High 
discount rates will usually result in small benefit-cost 
ratios. Although in practice, farming systems with higher 
benefit-cost ratios are often regarded as being preferable 
(other things being equal), ranking farming systems by the 
benefit-cost ratio criterion can lead to erroneous investment 
choices. The benefit-cost ratio criterion discriminates 
against farming systems with relatively high gross returns and 
operating costs, even though these may be shown to have a 
greater wealth-generating capacity than that of alternative 
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farming systems with higher benefit-cost ratios (Gittinger, 
1982) . 
The benefit-cost ratio is closely related to the net 
present value and the internal rate of return methods. A 
benefit-cost ratio of one corresponds to a zero net present 
value. At this point, the present value of the benefits from 
the agroforestry practice are exactly equal to the present 
value of the costs incurred in the farming system. The 
discount rate that brings about this situation is the internal 
rate of return for the agroforestry system. 
A benefit-cost ratio greater than one corresponds to a 
positive net present value. This implies that, at the 
specified discount rate, the benefits derived from the farming 
system outweigh the costs incurred. Economic profitability 
is, therefore, attained at the specified discount rate. 
If at a specified discount rate, however, the discounted 
costs of the farming system are greater than the discounted 
benefits then economic profitability is not attained. In this 
case, the benefit-cost ratio will be less than one and the net 
present value will be negative. 
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An Optimal Forest Rotation Model 
In the absence of the agricultural and/or livestock 
component of the agroforestry system, the tree stand alone can 
be economically evaluated to determine an optimal rotation 
age. The optimal rotation age is the time interval allowed 
between clearcuts so that the stream of net benefits from the 
forest stand is maximized over an infinite period of time. 
Various methods have been expounded in the literature on 
determining rotation length for forest stands. They include 
the method of maximizing annual yield or the culmination of 
mean annual increment (CMAI), also known as the maximum 
sustained yield (MSY); the internal rate of return method; 
maximization of gross yield; maximization of discounted net 
revenues from a single rotation; and the maximization of the 
discounted net revenues from an infinite series of tree stand 
rotations. 
Of all these methods, the method of maximizing discounted 
net revenues from an infinite series of forest rotations 
provides a superior analysis and understanding of the 
economics of forest rotation. This approach assumes that the 
land will stay in forest production in perpetuity so that 
there is an explicit awareness of the effect that present 
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decisions have on future possibilities. It optimizes the use 
of all inputs according to their guiding market prices and 
leaves any excess returns as rent to the site (Newman, 1988). 
The method of maximizing discounted net revenues from an 
infinite series of forest rotations, was first expounded in 
1849 by the famous German forester, Faustmann. The general 
Faustmann model is presented as follows:* 
Let V(t) denote the volume of wood in a stand of trees at 
age (t). It is assumed that V(t) is a concave function with 
(4) 3 V(t) a  t  > 0 V(0) = 0 
The marginal cost of harvesting the stand is given by h. The 
fixed cost of replanting the stand is denoted by C. A 
discount rate (r) is chosen for this capital investment 
system. The market price for the wood is given by P. 
Therefore, the net value of the stand at each harvest time, 
(t), is; 
* The example is based on the answers given by the author for 
question 1 of the preliminary written examinations in 
economic theory. 
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(5) [ (P-h)V(t)] - C 
The optimal rotation age (t) of the forest stand is obtained 
by maximizing the present value (PV) of the stream of net 
benefits over infinite rotations and solving for (t), i.e., 
(6) maxt [ +6^ -2"^  + + ...) • ([p-h]V(t) - C) ] 
This can be also presented as: 
(7) maXt PV = maXt e[-krti ([p_h]v(t)-C)] 
The optimal rotation period, (t), is then obtained by setting 
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(8) dPV 
at 
Therefore, we have: 
(9) ÔPV 
at 
[ 
[(P-h) 
av(t) 
at 1 [• [ (p-h) v(t) - C] I =0 
( e[xt] _ i)2 
Multiplying through by (6^ "°^  ^ -1) gives; 
(10) (p-h)iVM = re'"'([P-hlV(t)-C) 
Then dividing through equation (10) by [(P-h)V(t)-C] yields; 
(P-h) (11) ( ' at _ :e[:W 
[(P-h)V(t)-C] (e["J-l) 
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re [rt] 
eCU--^ [rt] 
[rt] 
re [rt] 
 ^e -e [It] J 
[rt] 
re tzrc] 
0 I2rt] _Q [rt] 
and factoring out e^ ""^  from the right hand side yields 
(12) 
(p-h)^  
a t  
t(P-h)V(t) -C] (l-e^ -'ti) 
This is the general Faustmann model formulation for the 
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determination of an optimal forest rotation. The value of (t) 
that solves this final equation system is the optimal rotation 
period for the forest stand. . This formulation can be further 
simplified so that it gives a more direct understanding of the 
economic principles at play. 
Note that for year (t) to be an optimal rotation period, 
the following condition must hold: 
This condition can be rearranged by adding the term (-r+r) to 
the numerator of the right hand side, i.e.. 
(13) 
[(P-h)V(t) -C] 
(14) 
(P-h)iî^  
ot re -r+r 
[(P-h)V(t) -C] 
r (e -1) +r 
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r + r 
(e[rt]_i) 
Multiplying both sides of equation (14) by [(P-h)V(t)-C] 
yields: 
This is still equivalent to the formulations specified in 
equations (12) and (13). However, the economic interpretation 
is more explicitly expressed in equation (15). 
The left hand side of equation (15) represents the 
incremental value or the marginal value of the forest stand. 
The right hand side represents the opportunity cost of the 
capital investments tied up in the forest stand and the land. 
This opportunity cost is divided into two parts. 
The first element on the right hand side, r[(P-h)V(t)-C], 
denotes the foregone alternative income that could be earned 
if the net value of the harvested trees, [(P-h)V(t)-C], were 
(15) (P-h) = r [ (P-h) V(t) -C] + r [ (P-h)V(t) -C 
(e 
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to be invested elsewhere at the interest rate, r. The second 
element on the right hand side, r[{ (P-h) V(t)-C}/{e'"*-l) ], 
represents the net present value of the land, taking into 
account the trees presently on the land and those that are to 
be planted in the future, forever. 
The case of a government tax on returns 
Government distortion of prices through subsidies or 
taxes will have the effect of altering the pattern of decision 
making by the entrepreneurs managing the forest stand. Say 
for instance that the government imposes a constant marginal 
tax (z) on the final harvest returns of the firm. Thus the 
tax equals [z(P-h)V(t)], and the net price for the wood facing 
the firm managing the forest stand is: 
(16) (P-h) (1-z) = (P-h) -z(P-h) 
The tax imposed by the government in this case is of an 
advalorem nature in the sense that the tax is proportional to 
(i.e., a percentage of) the market price of the trees 
harvested. This is different from an excise tax which is a 
specific amount the entrepreneur pays out in taxes for each 
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unit sold. 
Fitting this new price into the derived Faustmann formula 
in equation (12) yields : 
(P-h) (1-z) (17)  ^
[(P-h) (l-z)V(t)-C] d-e'-"') 
The value of (t) that solves this tax-adjusted Faustmann 
equation system will denote the new optimal rotation period 
under a constant marginal tax situation. 
The optimal rotation period (t), after the government's 
imposition of a constant marginal tax on the firm, tends to be 
longer than the rotation period before the tax. Therefore, 
taxes on the final output returns have the effect of 
increasing the optimal rotation age. 
This effect can be shown from equation (17) by dividing 
through the left hand side by (P-h)(1-z), so that we now have: 
6V(t) 
/IQl = E 
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Because (P-h) > (P-h)(1-z), for z > 0, it can be demonstrated 
that 
d V ( t )  d V ( t )  
( 1 9 )  ^ ^  c  
(P-h) (1-z)' <^"-(p?h) 
When each one of the elements in equation (19) is 
separately fitted into the Faustmann formulation, the value of 
(t) that solves the equation system involving the left hand 
side element of equation (19) will be greater than the (t) 
value that solves for the right hand side. This 
mathematically confirms the result that a constant marginal 
tax imposed on the net returns to the firm will have the 
effect of prolonging the rotation period of a forest stand. 
That is, (z) ^ 
A government subsidy for the final harvest will have the 
opposite effect on the entrepreneur's decisions concerning 
harvesting. The rotation period will be shorter with such a 
government subsidy than it would be in a market free of such a 
subsidy. That is. 
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(20) 
6v(t) 6v(t) 
dt ^ 
and, therefore, (s)^  where (s) represents the 
subsidy provided to the firm by the government for the final 
harvest. 
The case of economies of scale 
If the government provides some new infrastructure 
services, such as new roads in the region, that have the 
effect of reducing harvesting costs, then the timber 
enterprise will be facing a higher net market price for its 
product, i.e., (P-h®^ ®^**) > (P-h*^ "^""®) , so that 
6v(t) 6v(t) 
(21) - * 
(p-h)*"" 
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and the optimal rotation period before the government 
provision of the infrastructure service is longer than that 
observed after the infrastructure service is in place, that 
is, The decrease in harvesting costs for the 
firm from the reading activity by the government will result 
in an increase in the incremental or marginal value of the 
forest stand. Therefore, the firm's optimal rotation age will 
tend to be reduced. 
Valuing economic benefits 
To carry out any economic evaluation of the agroforestry 
(farming) systems, all benefits and costs involved have to be 
identified and valued. Monetary valuation is the procedure 
followed in this study. To assign money values to the 
benefits and costs involved in the agroforestry (farming) 
systems, appropriate prices have to be used. Economic prices 
will be used in this study where possible. However, in most 
instances, market prices will be used because they are more 
readily available. 
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The Diewert Model 
Economic benefits from public sector infrastructure services 
To facilitate the success of agroforestry and other 
farming systems, the government of Zambia has invested in 
infrastructure services around the country. Most of these 
infrastructure services, such as extension (technology 
transfer), are provided to the farming community at no direct 
cost to the farmers. Under these conditions, economic 
evaluations of farmers' benefits from these public sector 
infrastructure investments can be derived. Diewert (1986) 
provides a good conceptual approach for measuring farmers' 
benefits from such infrastructure investments. 
In this approach, the government sector is considered to 
be a producing sector. It is assumed that the government 
sector tries to minimize the costs of providing the 
infrastructure services. The private sector, on the other 
hand, engages in profit maximization behavior. In cost 
minimization, losses could be sustained. However, this is not 
the case in profit maximization behavior assumed for the 
private sector. 
Let us assume that all of the (N) farmers in Zambia 
engage in profit maximization behavior and that they all 
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consume government infrastructure services provided for their 
areas. We also assume that in their local rural economies, 
only three types of goods exist, namely the (m) tradable goods 
in the market, the (h) infrastructure services provided by the 
government and the (t) fixed capital stocks. We now define 
the following: 
P = (Pi, P2, Pm) > is a vector of fixed 
positive prices faced by farmers in the market for 
the (m) tradable goods. 
X" = (X,", Xg", ..., x^") is farmer (n)'s net supply 
vector for the (m) tradable goods that she/he buys 
or sells. If Xj" is positive, then farmer (n) is 
getting Xj" as output from his/her farm. On the 
other hand, if x," is negative, then farmer (n) is 
using Xj" as a farm input, for i = 1,2,...,m. 
F" = (f,", fg", ..., fh") is a non-negative vector of 
infrastructure services provided by the government 
and used by the farmers. 
K" = (k,", kg", ..., kj") is a non-negative vector of 
farmer (n)'s fixed capital stock. 
It is further assumed that the a priori technology set 
for farmer (n) is a closed subset T" of (m+h+t) dimensional 
space if; 
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(22) N(X",F",K*) = (xf, ...'fh'ki, 6 T* 
That is, N(X", F", K") is a subset of T", the technological set 
available to the farming community. Then the net output 
vector X" is producible given that the firm has at its 
disposal the vector F" of government infrastructure services 
and the vector K" of fixed capital stocks (Diewert, 1986). 
Given all of the above defined elements, the farmer's 
implicit production function is represented by: 
(23) N(Xn,Fn,K*) 
Therefore, a farmer will allocate his/her farm resources so 
that his/her supply vector, X", maximizes variable profits 
using the available technological level. The farmer will try 
to maximize profits subject to the constraints imposed by the 
technological set available to him/her. That is. 
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m 
(24) max^ P-X" = 5] Pi -Xi 
i-1 
subject to 
N(Xn,Fn,Kn) 6 T" 
= 7I(P,F",K") 
where the scalar product, 
P-X" = •rt(P,F",K") 
is the variable or gross profit function for the agroforestry 
(farming) enterprise. The supply vector, X", that maximizes 
the variable profit function is restricted by the 
technological set available to the farmer. The maximized 
profit function in equation (24) is a function of the input 
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and output prices, infrastructure services in the region, the 
fanners fixed capital stock, and the technological set at the 
farmer's disposal. 
The partial derivative of this gross profit function with 
respect to the infrastructure service variable (F") will give 
an indication of how much a farmer is willing to pay for an 
extra unit of infrastructure services from the public sector. 
This is equivalent to the extra profits a farmer can make as a 
result of having one extra unit of infrastructure services 
from the public sector. This marginal profit of the farmer is 
represented by the following willingness to pay function: 
(25) a n  (P,F",K'^ ) 
8 F" 
= W(P,F",K") 
This is also known as a derived demand function. It is 
derived in the sense that the demand for the infrastructure 
services is in response to the underlying demand for 
agroforestry products in the commodity markets. The system of 
derived inverse demand functions for each infrastructure 
service can be represented by the following equations: 
72 
(26)  a n  (P,F»,K") 
a f? 
= Wi(P,F",K") 
a TC (p,F",K») 
a f ? 
= W,(P,F",K") 
a 71 (P,F»,K")  ^ W„(P,F",K'^ ) 
a fS 
It has been a policy of the government to aim at 
stimulating development in the rural areas of Zambia. One 
the areas emphasized is the improvement of infrastructure 
services provided in the rural areas. Government 
implementation of changes in the infrastructure services 
provided for the rural regions has the effect of changing 
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overall farmers* gross benefits. The change in the farmer's 
gross benefits can be represented b y :  
(27) B(F^ ,Ff,P,K*) = n(P,Fr,K*) - %(P,F^ ,K") 
f  .3 Tt(P,F»,K") J 
i  d  F "  
Fi 
= f [W(P,F",K*)] dF* 
Fo 
where W(P, F", K") is the willingness to pay function from 
equation (25), F," = (f„" f^ ,^...,f^ ") represents the new level 
of infrastructure services being provided for the fartners by 
the public sector, and Fg" = (f^ g" fjg",..., fho") is the original 
level of infrastructure services that was provided for the 
farming community by the public sector. 
The farmer's gross change in benefits is also a measure 
of gross benefit changes to society given that it represents a 
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change in the quantities of outputs produced by the fanner 
minus the change in the variable inputs utilized by the 
farmer, where all outputs and inputs are valued at the 
reference prices, p,, P2,...,Pn, (Diewert, 1986). Therefore, 
the changes in the gross benefits for the entire region are 
measured by the summation of all the gross benefits accruing 
to the farmers in that region. That is. 
(28) TB(fi"o, . . .,fh"o; fi\ f hi / Pi» • • • »Pm' n 1 / • 
N 
J) B(Fo", Fi", P, K") 
n-l 
 ^[7i"(P,Fi",K") F^ yK")] 
d n"(P,F°,K°) 1 jpn 
3 F" 
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= T ( [W(P,F",K")] dF" i 
where TB represents the total benefits for the region measured 
by the summation of gross profits accruing to all farmers in 
that region. 
The Diewert method of measuring benefits from an 
agroforestry (farming) system in the analysis also 
incorporates the costs incurred by the government in providing 
the infrastructure changes to the farming community. The 
public sector, as the provider of these infrastructure service 
changes, faces an implicit production function represented by; 
(29) 9(X9,Fn,K9) 
where X® = (x,®, Xj®,..., x^ )^ is a non-negative vector of 
variable inputs available to the public sector, F" = (f,", 
fg",..., f^ ") is a non-negative vector of infrastructure 
services that the public sector can produce for the farmers. 
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and = (k,3, kg®, — , is a non-negative vector of the 
fixed capital stock available to the public sector. 
In contrast with the profit maximization behavior of the 
farmers, the public sector will try to minimize the cost of 
providing the infrastructure services to the region. In this 
case, the major difference between cost minimization and 
profit maximization is that in cost minimization the capacity 
to sustain losses is greater for the public sector and much 
lower for the private profit maximizers, the farmers. The 
public sector usually has the capacity to incur sustained 
losses for as long as the investments are justified on 
political, economic, social, or on any other grounds put 
forward. 
The public sector will provide infrastructure services by 
minimizing the cost of providing those services subject to the 
constraints imposed by the technological level, T®, available 
to the public sector. Thus, 
(30)  
i»m 
min^  P 'X9 = g Pi ' Xf 
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subject to 
g(X9,Fn,K9) e T9 
= C(P,F",K9) 
where the function P.X® = C(P, F", K®) represents the variable 
cost function the government faces when providing the 
infrastructure services. 
The partial derivative of this variable cost function 
with respect to the infrastructure service variable will give 
the costs incurred by the public sector in providing one extra 
unit of infrastructure services. This is represented by the 
following marginal cost function faced by the public sector; 
(31) 8 C(P,Fn,K9)  ^ MC(P,Fn,K9) d F^i 
This marginal cost function faced by the public sector 
also represents the derived supply function for the 
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infrastructure services. The supply function is derived in 
the sense that it is generated in response to the underlying 
demand and supply for agroforestry products in the output 
market. The system of derived inverse supply functions can be 
represented as follows: 
(32)  d C(P,F",K9) 
ôf? 
MCi(P,F",K9) 
d  C(P ,F» ,Kg)  
6^2 
MC2(P,F",K3) 
d  C(P,F",K9) 
a fK h n 
MCh(P,F",K9) 
The change in the cost to the public sector resulting 
from the change in the amount of infrastructure services 
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provided is given by: 
(33) C(P,Fi",K3) - C(P,Ff,K9) 
= f  [ ac (p ,F* ,K9) ]  
J a F" 
Fl 
= f  [MC(P,F",K3) ] dF" 
Fo 
where MC(P, F", K®) is the marginal cost function for the 
public sector as defined in equation (31) . F^ " and Fg" are 
respectively new and old levels of infrastructure services 
that the public sector is providing for the farming community. 
The net benefits, (NB), from the agroforestry system 
accruing to the farmers as a result of a change in the 
infrastructure services provided by the public sector can now 
be obtained by subtracting the change in the variable costs of 
providing the infrastructure services from the change in the 
80 
profits accruing to the farmers : 
(34) NB (fio/ . . • / fho»' ^ 11' • • • / fjii» Pi» • • • 'Pm' / • • • » ) 
N 
= 5^  [n"(P,Fi",K") - n"(P,Fo",K")] 
n-1 
- [C(P,fi"i ,fhi/K3) - C(P,ffo, . . .,fho»K9)] 
= f [ an(P,F",Kn) n _ f r 8C(P,F=,K*) . 
J d ¥"• i 3 F" d  '  
=  j  [W(P,F",K9)] dF" - f  [MC(P,F*,K9)] dF* 
Note that this type of approach leaves out some of the 
dynamic aspects of agroforestry (farming) systems. This 
static analysis could have the effect of underestimating the 
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benefits farmers generate as a result of the infrastructure 
services provided by the public sector. 
The Diewert approach specified here also assumes that the 
stipulated prices for inputs and outputs are exogenously 
determined. Therefore, the prices of the inputs and outputs 
are held constant in the analysis. It is possible that price 
changes may occur in the region in response to the improvement 
or addition of infrastructure services available in the local 
economies of the region. 
Another shortfall of this analysis is that it emphasizes 
the benefits accruing to the farmers as producers and ignores 
the benefits accruing to the farmers as consumers of some of 
the products on the market. The analysis also ignores the 
consumer benefits of non-farmers that may arise from the 
changes in the infrastructure services provided by the public 
sector. 
The Theoretical Risk-Free Optimization Model 
The three economic evaluation criteria presented in the 
previous sections are used to determine the economic viability 
of the agroforestry (farming) systems. However, they do not 
provide an explicit treatment of the constraints and 
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requirements that farmers would face when adopting these 
farming systems. For instance, the methods of net present 
value, internal rate of return, and benefit-cost ratio do not 
give an explicit account for independent decision behavior and 
market interactions between producers, consumers, and policy 
makers. In this section, a mathematical optimization model in 
the linear form is developed to accommodate the additional 
constraints and requirements farmers may face during the 
prosecution of their farming activities. 
A typical mathematical programming model consists of (1) 
decision variables, (2) a set of inequality and/or equality 
constraints, and (3) an objective function. These are 
represented by the following elements; X, g(X), b, and F(X), 
where: 
X = (x, Xg... x^ ) is a matrix of the (n) decision 
variables. X is feasible if it satisfies all 
the constraints and requirements of the 
problem. 
g(X) = [9i(Xi) giCXg) ... gi(xj] are the (m) 
constraints and requirements in the model. 
b = (b, bj ... b^ ) is the set of constant real 
numbers representing the fixed resource supply 
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levels or requirements in the problem. 
F(X) = F(x,, Xg, x^ ) is a real valued objective 
function to be maximized or minimized. 
If the goal is to maximize the objective function, the 
mathematical problem would be specified as follows; 
(35)  max j j  F (Xi ,X2 ,  .  .  .  ,Xn)  
subject to 
9J^ (X]^ /X2/ • • t / x^ ) ^  bj^  
2^ (^ 1 ' ^2 ' • ' • '  ^^ 2 
9m (^ 1 ' ^2 ' • • • '  ^
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Xj 0^ 3 — 
In matrix form, the same problem can be presented as; 
(36) maxjj F(X) 
subject to 
g (X)  ^h 
X i  Q.  
Classical proareutunina 
Classical programming, unlike the standard mathematical 
programming model, uses strict equality constraints and 
requires that the number of decision variables be more than 
the number of constraints, i.e., n > m. A classical 
programming model is presented as follows; 
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(37) maxjj F(X) 
subject to 
g(X) = h 
X i Û 
The solution to this type of formulation was determined by 
J.L. Lagrange in the eighteenth century (Hazell, 1986). A 
classical programming problem solution is obtained in the 
following way: 
(a) a new vector of lagrange multipliers is defined for the 
problem, i.e., 
2 '  .,Am] 
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(b) a lagrange function is then specified as: 
m 
L (X/ A.) — F (Xj^  / X2 # . . . / Xjj) + ^  ^ (^ 1 ' ^2 » • • " ' x^ ) ] 
i-1 
(c) the third step is to find a set 
X* = (Xi / X2 , . . . / Xn) /' 2 l *  =  ( ^1 /  ^2  /  • • •  r  A i m )  
at which all partial first order derivatives of the lagrange 
function vanish when taken with respect to the above specified 
variable set. In total, there will be (n+m) equations for 
this solution system, i.e., 
j':'' 
= bi - 9i(Xi,X2, . . =0; i = 1,2, ...,m 
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Given the lagrange function in (b), satisfaction of the first 
order conditions yields the variable set in (c), i.e., 
X ~ , Xg / • • . / Xjj) 
2l* = ( A.1, A2 / • • • / A>m) 
These vector solutions are obtained by simultaneously solving 
the specified (n+m) equations. 
Note that in the classical programming specification, 
g,(X*) = b{, therefore; 
L(XM*) =F(X*) + gA,i[bi - gi(X*)] 
= F(X') 
Given that b. - g. (X*) = 0, the lagrangian function is equal 
to the real valued objective function in the optimal solution. 
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The optimal solution vectors 
X* (h) , k*  (b) 
are both functions of the resource levels, b. Thus, changes 
in the resource levels will change the values of the decision 
variables and the shadow prices in the model. Note that 
L(r,r) = L(r (b) (W) 
= L [xi (h), X2 (h) /... / Xn (b), K (b), A^(b),...,Am (b) ] 
Under optimal conditions, the changes in the value of the 
enterprise resulting from the changes in the resource levels 
are represented by the following total derivative; 
dbi ~ ^  dbi  ^ db^  
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However, 
and 
8L 
dXi_  = 0 V i 
Therefore, 
And since 
We have 
dL(XM*) 6L(X%r 
dbi 3bi 
L(XM*) = F(X') 
6F(X') 
= -ST 
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This is the shadow price for the ith resource. It stands for 
the "scarcity value" of the ith resource. If the ith resource 
is in surplus, then its shadow price will be zero. A positive 
shadow price reflects the scarce nature for that resource 
meaning that a value is attached to obtaining an additional 
unit of this scarce resource. 
Linear proarzunmina 
A linear programming model is obtained by assuming a 
linear objective function and constraint structure. The 
mathematical programming problem specified above can be 
expressed as a linear programming problem in the following 
manner: 
n 
(38)  max^  F (X) = X) CjXj 
j-1 
subject to 
n 
i  =  1 , 2  / • • • / in 
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Xj k 0 V j 
where Cj is the known value of the jth activity in the linear 
programming model and a^  is the input-output technical 
coefficient representing the amount of the ith resource that 
is required to produce a unit of the jth decision variable. 
Assumptions of the linear programming model (Hazell, 1986) 
1. Optimization: Every linear programming problem has an 
objective function to be minimized or maximized. 
2. Fixedness: At least one constraint should have non-zero 
resource levels. 
3. Finiteness: The number of activities and constraints 
should be finite. 
4. Determinism (i.e., certainty): The input-output 
coefficients, the resource levels of the right hand sides 
and the gross margin of each activity are assumed to be 
known with certainty. 
5. Homogeneity: All units of the same activity or resource 
are assumed identical. 
6. Continuity: Activity or resource levels are assumed to be 
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continuous, that is, in fractional units. 
7. Additivity: Activities are assumed to be additive in the 
sense that their total product is the sum of their 
individual products. This means that no interactions 
between activities are allowed. 
8. Proportionality: The gross margins of the jth activity 
and the input-output coefficients per one unit of a given 
activity are assumed to be constant regardless of the 
level of the activity used. 
An important property of linear programming is that its 
additivity and linearity requirements ensure constant returns 
to scale in the production process. For instance, given the 
following maximization problem, 
max Z = q!x. 
subject to 
AX ^  b 
X i 0 
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The value of the optimal solution to this problem is denoted 
by 
z* = fih) 
Constant returns to scale would require that for a constant 
( k ) ,  
f(kb) = kf (b) = kZ' 
This means that increasing the resource levels in the 
production process by (k) will result in an equal increase in 
the value of the optimal solution. 
The Kuhn-Tucker generalization 
Now let us consider the same problem presented above. 
However, this time no restrictions are imposed about the 
relative size of (n), that is, unlike in the classical 
programming problem, the number of decision variables, (n), is 
not necessarily greater than the number of constraints, (m). 
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We also allow the problem to accommodate inequality 
constraints. The constraint structure can be changed from one 
of greater than or equal to, to one of less than or equal to, 
by multiplying through by (-1). Similarly, the optimization 
problem can be changed from that of maximization to one of 
minimization, and vice versa. That is, 
min tF(X)] = I max [-F(X)] | 
and 
max [F(X)] = I min [-F(X)] | 
The absolute values of these maximization and minimization 
specifications will be the same. In both cases, however, the 
constraint structure is left unchanged. 
The mathematical programming problem now can be specified 
as follows: 
(39) maxjj F (X) 
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subject to 
g (X)  ^ b 
X i û 
The lagrange function to this problem is given as; 
m 
L (X/ A.) ~ F ,Xg/ . • • /Xjj) + ^  g^  (x^ ,Xg/ • • . /Xjj) ] 
Unlike in the classical situation, [b. - g^  (X)] is not 
necessarily equal to zero this time. Therefore, the lagrange 
function is not necessarily equal to the real valued objective 
function, F(X). 
The Kuhn-Tucker generalization of the lagrange approach 
provides the necessary, but not always sufficient conditions 
for an optimal solution. The Kuhn-Tucker necessary conditions 
for this problem are given by the following set of 2(n+m+l) 
equations: 
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(c) Xj kO j = 1,2, . . . ,n 
(d) = bi - gi(Xi,X2, . .. ,Xn) k 0 i = 1,2, . . . ,m 
(®) "3î~^ i ~ ~ 9i (^ 1, Xg, . . . , Xjj) = 0 
nî i-i 
(f) Ai a 0 i = 1,2,.. . ,m 
Note that because of the sign restrictions of equations (a) 
and (c), the sum of the terms in equation (b) must be equal to 
97 
zero. Thus, either 
(g.i) dF  
ax: 
or 
X j  =  0  
or both are equal to zero. Note also from equation (b) that: 
(9.2) dF  
ax: 
 ^0 
1-1 
but this must equal zero if Xj* > 0. Also, Xj* is greater 
than or equal to zero, but is strictly equal to zero if; 
(9.3) ap 
ax; i»l 
. agj 
'ax: 
< 0 
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Similarly, the sign restrictions of equations (d) and (f) 
require that equation (e) equal to zero, i.e., 
(9.4) gi(Xi,X2, . . . ,Xn) ^  bi 
But this is strictly equal to b, if: 
(9.5) XI > 0 
And similarly, 
(9.6) X; a 0 
But this is also strictly equal to zero if: 
(9.7) gi(Xi,X2,...,Xn) < bi 
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Conditions (g.l) through (g.7) are called the complementary 
slackness conditions for this maximization problem. 
Unlike in the classical programming specification, the 
Kuhn-Tucker conditions cannot be used directly to solve for 
the optimal XjS and lambdas from the outlined 2(n+m+l) 
equations, using simultaneous equation techniques. They do 
provide useful economic conditions that must be satisfied, 
however, if an optimal solution is to be obtained. 
Economic interpretation of the Kuhn-Tucker conditions 
In the optimal solution to the maximization problem 
presented above, the lagrange multipliers will represent the 
imputed values (shadow prices) of the resources that are used 
in the enterprise. If, for instance, the problem relates to 
maximization of profits on an agroforestry farm, then equation 
(a) requires that in optimality, the total marginal profit of 
the jth farm activity be no greater than the total marginal 
imputed cost of undertaking that activity. 
If the marginal gross profit for the jth activity were to 
be greater than the imputed aggregate marginal cost of 
undertaking that activity optimality would not be attained 
because the farmer could continuously increase his/her profits 
by increasing the jth activity. 
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Equation (b) of the Kuhn-Tucker conditions for an 
agroforestry problem stipulates that if the jth activity is 
undertaken, that is, Xj* > 0, then its marginal gross profits 
must be strictly equal to its aggregate marginal imputed cost. 
If the marginal gross profit for the jth activity is less than 
the aggregate marginal imputed cost, then activity (j) should 
not be undertaken, i.e., Xj* = 0. 
Equation (c) simply states that no negative values are 
allowed for the jth activity. For example, the optimal 
solution will not allow the production of minus (-) ten 
kilograms of maize. Therefore, the maize is either produced 
(i.e., Xj* > 0) or it is not produced at all (i.e., Xj* = 0). 
Equation (d) indicates the capacity limitations for the 
farmer. Under optimal conditions, the farmer cannot be 
allowed to use more than the resources at his/her disposal. 
This means that if a farmer has only five hectares of land, 
the optimal solution should not allow him/her to cultivate 
more than the five hectares. 
Equation (e) stipulates that if the constraint is not 
binding, i.e., not all of the ith resource is used, then its 
shadow price must be zero. However, if all of the ith 
resource is "consumed" in production, then its shadow price is 
positive. 
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Equation (f) simply states that no negative shadow prices 
for the ith resource are allowed in the optimal solution. 
The Empirical Risk-Free Optimization Models 
A seven year multi-period mathematical programming model, 
with a linear objective function and constraint structure, is 
specified to represent the small-scale farm production system 
in Zambia. From the specified general model, eight specific 
models are developed under different modelling conditions. 
Inasmuch as small-scale farm production in Zambia is 
heavily dependant on rainfall, the first four models presented 
attempt to reflect decision making patterns of small-scale 
farmers under conditions of high rainfall. The second set of 
four models incorporates analyses of decision making patterns 
of small-scale farmers under low rainfall conditions in some 
of the years covered by the study. The study period used here 
covers a seven year interval from the 1984/85 crop season to 
the 1990/91 crop season. 
Although a market for fuelwood exists in the urban and 
peri-urban areas, fuelwood markets are not readily available 
in the rural areas. Therefore, an important assumption that 
is included in this model is that a market for wood is 
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available and easily accessible to the small-scale farmers. 
This aspect is very important in enticing the participation of 
small-scale farmers, whose immediate concerns maybe food 
production for immediate subsistence and a little supplemental 
income. 
The preliminary research reports on wood yields in the 
agroforestry systems indicate that wood production in the 
agroforestry (farming) systems is greater than the quantity of 
wood used by a rural household family. For the small-scale 
farmer category, the absence of a wood market would result in 
the stockpile of more wood than they need. The possibility of 
this situation would act as a disincentive towards the 
adoption of agroforestry (farming) systems. 
Further it is assumed that the objective of the small-
scale agroforestry farm enterprise is to maximize profits. 
The farmer will try to maximize his/her monetary benefits 
within the confines of resources available to him/her. The 
most frequently grown crops by small-scale farmers in Zambia 
are maize, sorghum, cassava, and millet. To incorporate this 
diversity in the small-scale farming systems, four 
intercropping systems are used in this analysis. The systems 
are: 
1. the intercropping of maize with Sesbania sesban (S), 
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Leucaena leucocetahala (L) and Fleminaia conqesta (F) . 
2. the intercropping of sorghum with Sesbania sesban (S), 
Leucaena leucocephala (L) and Fleminaia conqesta (F). 
3. the intercropping of cassava with Sesbania sesban (S), 
Leucaena leucocephala (L) and Fleminaia conqesta (F). 
4. the intercropping of millet with Sesbania sesban (S), 
Leucaena leucocephala (L) and Fleminqia conqesta (F). 
These intercropping systems are modelled under conditions of 
both low and high rainfall. 
Definition of model variables 
The variables used in building the models are defined as 
follows: 
M.J = Maize intercropped with Sesbania, Leucaena, and 
Flemingia in year i, i = 1984, 1985, ... , 1990. 
Sjj = Sorghum intercropped with Sesbania, Leucaena, and 
Flemingia in year i, i = 1984, 1985, ... , 1990. 
C,.j = Cassava intercropped with Sesbania, Leucaena, and 
Flemingia in year i, i = 1984, 1985, ... , 1990. 
Mljj = Millet intercropped with Sesbania, Leucaena, and 
Flemingia in year i, i = 1984, 1985, ... , 1990. 
FLj = The amount of family labor that is used in growing 
one hectare of an agroforestry crop in year i, i = 
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1984, 1985, ... , 1990. 
HLj = The amount of hired labor that is used in growing one 
hectare of an agroforestry crop in year i, i = 1984, 
1985, ... , 1990. 
KBj = The amount of capital that is borrowed by the small-
scale farmer in year i, i = 1984, 1985, ... , 1990. 
KT. = The amount of capital surplus in year i that is 
transferred to the next growing season. 
USE. = The quantity of maize that is available for sale in 
year i, i = 1984, 1985, ... , 1990. 
SSEj = The quantity of sorghum that is available for sale in 
year i, i = 1984, 1985, ... , 1990. 
CSEj = The quantity of cassava that is available for sale in 
year i, i = 1984, 1985, ... , 1990. 
MISE. = The quantity of millet that is available for sale in 
year i, i = 1984, 1985, ... , 1990. 
FSE; = The quantity of wood that is available for sale in 
year i, i = 1984, 1985, ... , 1990. 
V{j = The variable cost of growing one hectare of Sesbania, 
Leucaena, or Flemingia intercropped with maize, 
sorghum, cassava, or millet in year i. This variable 
cost is less labor and interest costs. 
= The opportunity cost of the family labor utilized in 
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the agroforestry (farming) system in year i. 
Wj = The market wage of hired farm labor in year i. On 
small-scale farms, payment for hired labor is 
sometimes made in kind. 
R, = The interest rate charged when the farmer borrows 
capital in year i. 
PM, = The producer price of maize in year i. This is the 
price at which the farmer sells his/her maize in the 
market. 
PS, = The producer price of sorghum in year i. This is the 
price at which the farmer sells his/her sorghum in 
the market. 
PC, = The producer price of cassava in year i. This is the 
price at which the farmer sells his/her maize in the 
market. 
PMI, = The producer price of millet in year i. This is the 
price at which the farmer sells his/her millet in the 
market. 
PF, = The producer price of wood. This is the price at 
which the farmer sells his/her wood in the market. 
La, = The fixed amount of cleared farm land available to 
the small-scale farmer in year i. 
a,j = The technical coefficient. This is the quantity of 
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labor in year i, that is required to grow one 
hectare of the jth agroforestry intercrop. The unit 
of measurement is in man-days per hectare. 
k{j = The technical coefficient. This is the amount of 
capital in year i, that is required to grow one 
hectare of the jth agroforestry intercrop. The unit 
of measurement is in Zambian Kwacha per hectare. 
Lbj = The amount of family labor that is available for farm 
production. 
CL{ = The maximum amount of capital the small-scale farmer 
is allowed to borrow in year i. 
Yjj = The yield level from a jth intercrop in year i. 
MC. = The quantity of maize consumed by the farm household 
in year i. 
SCj = The quantity of sorghum consumed by the farm 
household in year i. 
CCj = The quantity of cassava consumed by the farm 
household in year i. 
MIC. = The quantity of millet consumed by the farm household 
in year i. 
FCj = The quantity of wood consumed by the farm household 
in year i. 
Ma = The minimum maize consumption requirement for the 
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Wo 
So 
MI 
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farm household in year i. 
The minimum sorghum consumption requirement for the 
farm household in- year i. 
The minimum cassava consumption requirement for the 
farm household in year i. 
The minimum millet consumption requirement for the 
farm household in year i. 
The minimum wood consumption requirement for the farm 
household in year i. 
YECB = The year end cash balance in 1990. This includes all 
surplus capital from previous years of production. 
The general model 
The mathematical model developed in this section of 
Chapter III consists of 182 farm variables and a total of 106 
equations. The general risk-free empirical model for small-
scale farm production in Zambia is presented as follows: 
Max 
R^ KBi +PMiMSEi +PSiSSEi+PCiCSEi +PMIiMISEi+PFiFSEi] 
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i = 1984, 1985, ... , 1990; j = S, L, F 
The objective function is then maximized such that the 
following constraints are simultaneously satisfied; 
1. Mi^  + £ La^  
i = 1984, 1985, ... , 1990; j = S, L, F 
2. " FL^  - HL^  i 0 
i = 1984, 1985, ... , 1990; j = S, L, F 
3. FLi i i = 1984, 1985, ... , 1990 
4. + ki + ki - PMi.iMSEi.i - PF^ .^ FSEi., -
PSi_iSSEi.i-PCi.iCSEi_i-PMIi.iMISEi.i-RiKBi-KTi.i+KTiiO 
i = 1984, 1985, ... , 1990; j = S, L, F 
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i  ^ i = 1984, 1985, ... , 1990 
(- + MSEi + MCi) ^  0 
= 1984, 1985, ... , 1990; j = S, L, F 
(- + SSEi + SCi) ^  0 
= 1984, 1985, ... , 1990; j = S, L, F 
("Yi^ Ci^  + CSEi + CCi) i 0 
= 1984, 1985, ... , 1990; j = S, L, F 
(-Yi^ MIi^  + MISEi + MICi) ^  0 
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i = 1984, 1985, ... , 1990; j = S, L, F 
10. Ç + FSE^  + FC^ ) ^  0 
i = 1984, 1985, ... , 1990; j = S, L, F 
11. MCi ^  Ma^  i = 1984, 1985, ... , 1990 
12. SCi i i = 1984, 1985, ... , 1990 
13. CCi i i = 1984, 1985, ... , 1990 
14. MICi ^  i = 1984, 1985, ... , 1990 
15. FCi ^  i = 1984, 1985, ... , 1990 
Ill 
1990 
16 (- [l+R] iKBj^ +PMj^ g9gMSEj^ 9gQ+PFj^ 59oFSEj^ ggg+PSj^ ggQSSE29gg + 
i-1984 
^^ 1990^ ^^ 1990 FMIiggg] 199  .MISE 1990 + YECB,gg„) k 0 1990 
i 1984, 1985 1990 
where S is the Sesbania sesban intercrop with maize, sorghum, 
cassava, and millet; L is the Leucaena leucocephala intercrop 
with maize, sorghum, cassava, and millet; and F is the 
Fleminaia conaesta intercrop with maize, sorghum, cassava, and 
millet in the agroforestry (farming) system. 
Explanation of the model 
The specified objective function maximizes the present 
value of the profits accruing to the agroforestry farmer over 
the seven year period, from 1984 to 1990. 
Constraint one stipulates that the total number of 
hectares, under the maize, sorghum, cassava, and millet 
agroforestry intercroppings, cannot exceed the amount of 
cleared land available to the farmer in each year. 
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Constraint two ensures that the quantity of labor 
utilized in growing the agroforestry crops does not exceed the 
amounts supplied by the farm family and hired labor in each 
year. 
Constraint three specifies the limit on the amount of 
family labor available in each of the seven years under 
review. 
Constraint four specifies that working capital 
requirements for growing the maize, sorghum, cassava, and 
millet agroforestry intercroppings, cannot exceed the opening 
cash balance derived from the previous year plus what is 
borrowed in the current year. The revenues from the sale of 
agroforestry crops in one year, contribute to capital 
requirements in the following year. This kind of 
specification is made to reflect the overlap of agricultural 
activity in Zambia. 
Constraint five states the limit on the amount of capital 
that the small-scale farmers are permitted to borrow in each 
of the seven years. 
Constraints six to ten state that the total amount of the 
agroforestry product sold and consumed each year cannot be 
more than what the small-scale farm family can produce in that 
year. 
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Constraints eleven to fifteen specify the minimum 
consumption requirements of each of the agroforestry product 
in each year. 
The last constraint ensures that the small-scale farmer 
replenishes his/her initial capital investments in the 
agroforestry enterprise after paying back, with interest, all 
the borrowed capital in each of the seven years. 
Data for the models 
The data used in the model were obtained from farm 
budgets compiled by the Department of Agriculture and the 
Planning Division of Zambia's Ministry of Agriculture. The 
data relating to yields in agroforestry systems were obtained 
from annual reports from the agroforestry research stations in 
Zambia. Only two years of preliminary data on maize yields 
are available at this stage of agroforestry research in 
Zambia. It is postulated that the maize yields observed in 
the two years of research are the same ones obtained in the 
other years of the study. 
Agroforestry yield data for sorghum, cassava, and millet 
are not available because research in these areas has not 
started yet. However, the modelling of the small-scale farm 
in Zambia would not be complete if crop diversity is not 
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incorporated. The main traditional crops grown, in addition 
to maize, are sorghum, cassava, and millet. These crops are 
included so that small-scale farm production is more 
realistically presented. 
It is conservatively assumed that sorghum, cassava, and 
millet would perform just as well as maize under the same 
growing conditions. In the absence of actual data, this 
assumption is somewhat justified in that under present farm 
practices, sorghum, cassava, and millet perform better than 
maize under adverse conditions. 
The maize yields reported from the agroforestry system in 
the high rainfall situation are higher than the yields 
obtained in the current traditional farm practices. However, 
the yields for sorghum, cassava, and millet are conservatively 
assumed to remain at the same levels of production. 
Two sets of data are used in this study. The first data 
set provides information on the agroforestry systems during a 
period of high rainfall. The second data set includes 
information on agroforestry systems with three low rainfall 
seasons in 1985/86, 1986/87 and 1989/90. Within each data 
set, yields from different agroforestry treatments are 
specified and these are the basis for the eight models that 
are used to analyze the agroforestry systems. The 
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agroforestry yield data used in this study relate to the 
following research conditions; 
1. Maize intercropped with S. sesban. L. leucocephala and 
F. conaesta under high rainfall conditions, using the 
following treatments: 
a. No fertilizer is applied and the woody crop is cut 
at the height of 50 centimeters. 
b. Fertilizer is applied and the woody crop is cut at 
the height of 50 centimeters. 
c. No fertilizer is applied and the woody crop is cut 
at the height of 100 centimeters. 
d. Fertilizer is applied and the woody crop is cut 
at the height of 100 centimeters. 
2. Maize intercropped with S. sesban. L. leucocephala and 
F. conaesta under low rainfall conditions. The treatments 
applied are as follows: 
a. No fertilizer is applied and the woody crop is cut 
at the height of 50 centimeters. 
b. Fertilizer is applied and the woody crop is cut at 
the height of 50 centimeters. 
c. No fertilizer is applied and the woody crop is cut 
at the height of 100 centimeters. 
d. Fertilizer is applied and the woody crop is cut 
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at the height of 100 centimeters. 
The years in which low rainfall conditions prevailed in 
Zambia are; the 1985/86, 1986/87 and 1989/90 crop seasons. 
The technical coefficients, resource levels, and input and 
output prices are all compiled from farm budgets reported by 
the Zambia's Ministry of Agriculture. The opportunity cost of 
family labor is fixed at ninety six percent of the market farm 
labor wage. Small-scale farmers almost always utilize family 
labor first before hiring any labor to help out with farm 
activities. Therefore, this kind of specification where 
family labor is priced lower than market labor allows family 
labor to be used first on the farm before any labor is hired 
from the market. 
The absence of a fuelwood market in the rural areas makes 
it difficult to determine the price of fuelwood. In this 
study, it is assumed that a farmer spends two percent of 
his/her work-day time collecting fuelwood. Therefore, the 
price of fuelwood is fixed at two percent of the market farm 
wage rate. 
All monetary values in the model have been converted to 
1990/91 present values at a compounding rate equivalent to the 
average rate of capital cost over the seven year period. 
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The Theoretical Risk Programming Model 
The agroforestry farm modelling techniques outlined in 
the previous sections, are non-stochastic in the sense that 
they assume that all input-output coefficients, the resource 
levels, and gross margins are known with certainty or are 
assumed to be known with certainty. However, agricultural 
production is inherently a risky business. Models that do not 
incorporate risk in their analysis usually provide very 
ambitious solutions that are rejected by farmers. This 
explains why many risk-free farm model solutions are 
inconsistent with the observed decision making patterns of 
farmers. 
In particular, small-scale farmers tend to be very risk 
averse. Their main preoccupation when making agricultural 
production decisions is maybe to ensure that they attain the 
critical level of production that meets their immediate food 
requirements. 
By engaging in agricultural production, farmers face 
risks in the form of price instability in the market and yield 
instability due to changes in rainfall patterns and other 
natural factors. They also face risks regarding the timely 
availability of farm production inputs and markets for their 
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farm output. All these factors combine to make farmers' 
incomes unstable. The instability of farm incomes becomes a 
crucial factor for the subsistence small-scale farmers. 
Many modelling techniques that incorporate risk in their 
analysis are available in the literature. The most widely 
used techniques are expected utility theory, mean-variance 
(i.e., using quadratic programming algorithm) and stochastic 
dominance. 
Expected utility theory requires the specification of the 
functional form of the utility function. However, this is 
very difficult to estimate. As a result, many analysts resort 
to taking the easy way out by simply assuming a particular 
functional form of the farmer's utility function. The 
functional form assumed is usually chosen for its 
computational convenience rather than for its approximation of 
the farmer's utility function. 
The mean-variance criterion is consistent with expected 
utility theory when the farm returns are assumed to be 
normally distributed and the utility function is quadratic. 
In this case, the solutions are stochastically dominant in the 
second degree. That is, a farm plan is preferred to an 
alternative plan if its cumulative distribution of income is 
less than or equal to the income cumulative distribution of 
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the alternative plan, with a strict inequality for some levels 
of income. The farmer in this situation is assumed to be risk 
averse. 
The farmer's utility function in the second degree 
stochastic dominance is assumed to be concave so that. 
Wyl > 0, flUzl < 0 dy 3y2 
where U(y) is the farmer's utility function. The Arrow-Pratt 
measure of risk aversion of the farmer is represented by; 
where U'(y) and U"(y) are the respective first and second 
derivatives of the farmer's utility function with respect to 
the income level (y). 
Direct algorithms are not available for solving 
stochastic dominance problems. Thus, farm plans have to be 
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generated first by some other method before they are tested 
for stochastic dominance. 
In non-sequential mathematical programming problems, 
quadratic and linear measures of risk are the most commonly 
employed techniques of incorporating risk in farming systems 
modelling. 
Quadratic programming techniques emphasize the use of 
mean income and variance in a farming system. However, if the 
assumption of normality is not met, then quadratic programming 
methods have limited scope. Quadratic programming 
computations are cumbersome to derive; they are even more 
cumbersome for large models. Analysts are usually forced to 
limit the complexity of their farm models, although the recent 
advances in computer technology may have taken away some of 
this computational and complexity handicap. 
Since 1971 more appropriate techniques have been outlined 
on how to incorporate risk into linear programming problems. 
Linear measures of risk are well illustrated by the techniques 
of Minimization Of Total Absolute Deviations (MOTAD) (Hazell, 
1971) and Target MOTAD (Tauer, 1984). 
The MOTAD technique tries to minimize the total absolute 
deviations of farm income from its mean. Target MOTAD, on the 
other hand, does not rely on the deviations from mean farm 
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income. Instead, the Target MOTAD procedure tries to minimize 
the total absolute deviations from a specified target income 
level. For instance, a farmer may not wish to fall below a 
certain income level, not necessarily below mean income. 
Therefore, the farmer will try to maximize the expected net 
farm returns and at the same time ensure that farm income does 
not fall below a "critical" targeted level. 
Results from MOTAD and Target MOTAD models are usually 
similar to those obtained by quadratic programming techniques. 
In this study, the Target MOTAD programming techniques will be 
employed to incorporate risk into the analysis of agroforestry 
(farming) systems in Zambia. The method of Target MOTAD is 
preferred in this study because it provides solutions that are 
consistent with second degree stochastic dominance. 
The Target MOTAD model 
The Target MOTAD model is formulated as follows: 
(40) 
n 
max E (y) = ^ CjXj 
j-1 
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subject to 
n 
2^ ^ij^ j ^   ^~ 1,2, . . . ,in 
E P^ tVt = à 
t-1 
n 
E CtjXj + k T t = l,2,...,h 
j-1 
Vt, Xj a 0 
where E(y) are the expected farm returns; Cj is the expected 
return of the jth activity; Xj is the level of farm activity 
(j) being undertaken; a^  is the amount of the ith resource 
that is required to produce one unit of product (j); b^  is the 
constraint level; Pr^  is the probability that observation (t) 
will take place; is a value representing the deviations in 
income below the specified target level for observation (t); 
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Cjj is the return of activity (j) for observation (t) ; T is 
the farm income target level, and delta is a constant value 
representing the expected negative deviations from the target 
(T). Delta is parameterized so that its value ranges from 
zero to a large number. 
Inasmuch as the objective function and the constraint 
structure are still linear in form, linear programming 
algorithms can be used to provide a solution to this Target 
MOTAD configuration of risk programming. 
The Empirical Risk Programming Models 
The empirical multi-period risk programming model used in 
this study is an adaptation and extension of the single period 
target MOTAD model developed by Tauer (1983) and outlined 
earlier in this chapter. The activities and constraints of 
the mathematical programming model under certainty conditions 
are retained in this new formulation. However, to reduce the 
size and complexity of the risk programming model, the 
analysis is limited to a three year production period. 
Risk is incorporated in the model through farm income 
variability. The variability of farm income arises from crop 
yield variations and farm produce price uncertainty. Using 
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historical series of farm price information from 1988 to 1990, 
deviations from target incomes for each year are determined in 
the model. The data for each year are given equal weight in 
this study because of lack of adequate information on the 
probabilities of the states of nature of the data in the years 
under study. As specified in equation one below, these 
probabilities are multiplied by the deviations below target 
income in each year to give the expected shortfall from the 
target. 
Equation (2) indicates the target farm income levels for 
each of the three year production period. A farmer with 
extreme risk aversion will maximize his/her expected profits 
in such a way that the sum of the deviations from the farm 
target income are at the lowest level possible. 
On the other hand, a farmer who is risk neutral will 
concentrate on maximizing expected net income as long as the 
sum of the deviations below target income remain within 
tolerable ranges. 
The parameter delta, which ensures compliance with the 
farm target income, is varied from zero to a very large 
number. For each level of compliance with farm target income, 
resources are similarly allocated to maximize expected net 
income from the farm. The target income compliance 
125 
requirement is specified in equation one below. 
The general empirical multi-period risk programming model 
used in this study is formulated as follows; 
Max E(y) = ÇÇ [-ViMi^-Vi^Si^-Vi^Ci^-ViMIi^-ZiFLi-WiHLi-
R^KB i+PM iMSE i+PS iS SE 1+PC iCSEi+PMÎ iMI SEi+PF iFSEi ] 
i = 1988, 1989, 1990; j = S, L, F 
This expected farm income is maximized such that the following 
constraints are simultaneously satisfied: 
1. E = Ô 
i = 1988, 1989, 1990; t = 1, 2, 3 
2. ÇPtjiXji +  ^
i = 1988, 1989, 1990; t = 1, 2, 3; j = S, L, F 
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3.  ^La. 
i = 1988, 1989, 1990; j = S, L, F 
4. + aijMIjj - FLi - HLi ^  0 
i = 1988, 1989, 1990; j = S, L, F 
5. FLi i Lbi i = 1988, 1989, 1990 
6. k^ Mi^  + + ki^ Ci^  + k^ MIi^  - PMi.iMSEi.i - PF^ .^ FSE^ _^  -
PSi.jSSEi.i -Pq.iCSEi.i -PMIi_iMISEi_i -R^ KBi -KTi_i +KTi iO 
i = 1988, 1989, 1990; j = S, L, F 
7. KBi i £L^  i = 1988, 1989, 1990 
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8. Ç (- YiMij + MSEi + MCJ ^ 0 
i = 1988, 1989, 1990; j = S, L, F 
9. Ç + SSEi + SCi) i 0 
i = 1988, 1989, 1990; j = S, L, F 
10. Ç (-YlCij + CSEi + CCi) ^  0 
i = 1988, 1989, 1990; j = S, L, F 
11. Ç ("Yi + MISEi + MICi) ^  0 
i = 1988, 1989, 1990; j = S, L, F 
12. Ç (-Yl Mij - Yi^ Si^  - Yi^ Ci^  - Yi Mli^  + FSE^  + FC^ ) i 0 
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i = 1988, 1989, 1990; j = S, L, F 
13. MCi ^ Maj_ i = 1988, 1989, 1990 
14. SCi i i = 1988, 1989, 1990 
15. CCi i i = 1988, 1989, 1990 
16. MICi i Mli i = 1988, 1989, 1990 
17. FCi k i = 1988, 1989, 1990 
1990 
18. ( - [1+R] ^ KB^+PMj^ggQMSEj^ggQ+PFj^ggQFSEj^ggQ+PSj^99QSSEj^g9Q + 
1-1988 
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^^ 1990^ ^^ 1990 ^^ 1^990^ ^^ 1^990 "*" YECB^ ggg) i 0 
i = 1988, 1989, 1990 
All farm production costs in this study are assumed to be 
non-stochastic. The variability in farm incomes is a result 
of fluctuations in gross revenues accruing to the farmer. The 
low rainfall situation utilizes yield data obtained under 
conditions of low moisture. This is allowed only for the 
1988/89 crop season. Farm income is impacted by variations in 
prices and yields. 
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CHAPTER IV. RESULTS AND DISCUSSIONS 
Results Of the Preliminary Economic Evaluation 
Current agroforestry research in Zambia has focused 
mainly on maize intercroppings, and most data on agroforestry 
systems in Zambia relate to maize cultivation. In light of 
this situation, the feasibility considerations in this chapter 
focus on maize intercroppings only. The intercroppings 
considered are maize-Sesbania. maize-Leucaena. and maize-
Fleminaia. All analyses are done on a per hectare basis. 
Data on agroforestry (farming) systems in Zambia are 
rather preliminary and inconclusive. The agroforestry 
(farming) systems that are currently undergoing intensive 
research are yet to be adopted by farmers on a relatively 
large scale. More adequate data on the costs and revenues 
from agroforestry systems will be available after the farmers 
have adopted the systems. 
Yield data from the agroforestry research stations in 
Zambia are used in this study to represent the quantified 
benefits of the agroforestry (farming) systems under 
consideration. Cost of production data are derived from 
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Ministry of Agriculture farm budgets. The production costs 
used in the analysis are material and labor costs. An 
allowance is made for increased demand on labor in the 
agroforestry (farming) system. Benefits and costs of the 
system are valued at their market prices over the seven year 
period. The study also assumes the existence of a market for 
wood. Wood yields from the farm are valued at two percent of 
the cost of farm labor. 
The benefits and costs used in the study cover a period 
of seven years, from 1984 to 1990. For the low rainfall 
situation, it is assumed that low moisture is available for 
the crops during the crop seasons of 1985/86, 1986/87 and 
1988/89. The high rainfall situation assumes the availability 
of adequate moisture for the crops in all the seven years. 
Three discounting rates were used in determining the 
viability of the agroforestry systems. All the agroforestry 
intercroppings of S. sesban. L. leucocephala. and F. conaesta 
meet the criteria of financial viability. The net present 
value criterion indicates great sensitivity to increases in 
the discount rates. Higher discount rates result in lower net 
present values for the three maize intercroppings under 
different treatments. Upward adjustments of the cost 
structure of the agroforestry (farming) systems results in 
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decreases in the benefit-cost ratios and net present values at 
all levels of discounting. 
The levels of profitability under the low rainfall 
situation show a smaller range of variation across the four 
different farm treatments. The lowest levels of profitability 
are obtained under the treatment of not using any chemical 
fertilizers and cutting the woody crops at a height of 100 
centimeters. The highest levels of profitability are obtained 
when chemical fertilizers are used to supplement the pruning 
broadcasts, and the woody crops are cut at a height of 50 
centimeters. 
Agroforestry practices under the high rainfall situation 
display a wider range of variation in profitability across the 
four different treatments. Under the high rainfall situation, 
the lowest levels of profitability are obtained when no 
chemical fertilizers are used and the woody crops are cut at a 
height of 100 centimeters. On the other hand, cutting the 
woody crops at a height of 50 centimeters in addition to the 
use of chemical fertilizers results in the highest levels of 
profitability at the different discount rates. Tables 4.1, 
4.2, and 4.3 present the results for the high rainfall 
situation. Tables 4.4, 4.5, and 4.6 present the results for 
the low rainfall situation. 
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Preliminary results - High rainfall situation 
Tables 4.1 through 4.3 show preliminary results for the 
high rainfall situation. 
Cutting at a height of 50 centimeter with no chemical 
fertilizer use in the farming system; High rainfall 
All the three maize intercroppings indicate to be economically 
profitable with net present values greater than zero, benefit-
cost ratios greater than one, and internal rates of return 
greater than 100 percent. However, the maize-Sesbania 
intercropping has larger net present values at all levels of 
discounting. The benefit-cost ratios and internal rates of 
return are also slightly higher than for the other maize 
intercroppings. If funds were limiting, the maize-Sesbania 
farming practice may be preferred because it provides a higher 
return for each Kwacha invested in the agroforestry practice. 
Cutting at a height of 100 centimeter with no chemical 
fertilizer use in the farming system: High rainfall 
The maize-Flemingia intercropping is the dominant practice 
under the treatment of cutting the woody crops at a height of 
100 centimeters with no application of chemical fertilizers to 
supplement the pruning broadcasts. This treatment results in 
the lowest net present values, benefit-costs ratios, and 
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internal rates of return at all levels of discounting. 
However, the values remain above the acceptable levels of 
profitability under the three criteria. The maize-Leucaena 
intercropping is more sensitive to increases in production 
costs. Increases in the production costs of the maize-
Leucaena intercropping result in a marked decrease in the net 
present values and the benefit-cost ratios. 
Cutting at a height of 50 centimeter with chemical 
fertilizer use in the farming system; High rainfall 
This treatment results in the highest net present values, 
benefit-cost ratios, and internal rates of return. At the 
three levels of discounting, the maize-Flemingia intercropping 
provides a higher return for every Kwacha invested. The 
maize-Sesbania intercropping results in the lowest return per 
Kwacha invested. However, the levels of profitability at 
different levels of discounting are significantly higher than 
the minimum acceptable levels under the three criteria. 
Cutting at a height of 100 centimeter with chemical 
fertilizer use in the farming system; High rainfall 
Under this treatment, the maize-Leucaena intercropping 
provides higher returns for the investments. However, all the 
three maize intercroppings remain above the minimum acceptable 
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levels of profitability. At the three levels of discounting, 
the maize intercroppings under this treatment show higher 
levels of profitability than those obtained under treatments 
that do not utilize chemical fertilizer supplements. 
Table 4.1 Feasibility results for the agroforestry 
practices assuming a high rainfall situation 
Maize-Sesbania intercropping 
Discount Rate 
Treatment 15% 30% 45% 
50cm cutting NPV* (ZK)b 38, 382 24, 675 17, 157 
No Fertilizer B/C= 4. ,98 5. ,07 5. ,05 
IRR'' (%) >100 >100 >100 
100cm cutting NPV (ZK) 31 ,018 19 ,993 13 ,943 
No Fertilizer B/C 4 .22 4 .30 4 .29 
IRR (%) >100 >100 >100 
50cm cutting NPV (ZK) 64 ,470 41 ,541 29 ,120 
With Fertilizer B/C 5 .94 6 .12 6 .19 
IRR (%) >100 >100 >100 
100cm cutting NPV (ZK) 56 ,966 36 ,834 25 ,888 
With Fertilizer B/C 5 .37 5 .54 5 .62 
IRR (%) >100 >100 >100 
® NPV is net present value of the farming system 
** ZK represents Zambian Kwacha 
® B/C is the benefit-cost ratio of the farming system 
IRR is the internal rate of return of the farming system 
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Table 4.2 Feasibility results for the agroforestry 
practices assuming a high rainfall situation 
Maize-Leucaena intercropping 
Discount Rate 
Treatment 15% 30% 45% 
50cm cutting NPV® (ZK)b 21,044 13,584 9,445 
No Fertilizer B/C= 3.18 3.24 3.23 
IRR'' (%) >100 >100 >100 
100cm cutting NPV (ZK) 13,058 8,525 5,998 
No Fertilizer B/C 2.42 2.41 2.35 
IRR (%) >100 >100 >100 
50cm cutting NPV (ZK) 69,673 45,034 31,690 
With Fertilizer B/C 6.35 6.55 6.65 
IRR (%) >100 >100 >100 
100cm cutting NPV (ZK) 61,774 40,031 29,178 
With Fertilizer B/C 5.74 5.94 5.98 
IRR (%) >100 >100 >100 
® NPV is net present value of the farming system 
 ^ZK represents Zambian Kwacha 
® B/C is the benefit-cost ratio of the farming system 
IRR is the internal rate of return of the farming system 
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Table 4.3 Feasibility results for the agroforestry 
practices assuming a high rainfall situation 
Maize-Fleminaia intercropping 
Discount Rate 
Treatment 15% 30% 45% 
50cm cutting 
No Fertilizer 
100cm cutting 
No Fertilizer 
50cm cutting 
With Fertilizer 
100cm cutting 
With Fertilizer 
NPV® (ZK)b 37,901 24,369 16,947 
B/Cl 4.93 5.02 5.00 
IRR^  (%) >100 >100 >100 
NPV (ZK) 34,526 22,310 15,657 
B/C 4.58 4.68 4.70 
IRR (%) >100 >100 >100 
NPV (ZK) 74,348 47,972 33,660 
B/C 6.71 6.92 7.00 
IRR (%) >100 >100 >100 
NPV (ZK) 54,831 35,517 25,040 
B/C 5.21 5.38 5.47 
IRR (%) >100 >100 >100 
® NPV is net present value of the farming system 
ZK represents Zambian Kwacha 
 ^B/C is the benefit-cost ratio of the farming system 
IRR is the internal rate of return of the farming system 
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Preliminary results - Low rainfall situation 
Tables 4.4 through 4.6 show preliminary results for the 
low rainfall situation. 
Cutting at a height of 50 centimeter with no chemical 
fertilizer use in the farming system; Low rainfall 
The maize-Sesbania intercropping results in a higher net 
return per Kwacha invested under this treatment. The maize-
Leucaena intercropping provides the lowest net return for 
every Kwacha invested in the agroforestry (farming) system. 
At the discount rate of 45 percent, a large difference in 
profitability between the two intercroppings is obtained using 
the net present value criterion. At the 15 percent discount 
rate, using the benefit-cost criterion results in a larger 
difference in profitability between the intercroppings of 
maize with Sesbania and Leucaena respectively. The levels of 
profitability under the maize-Leucaena intercropping are 
closer to the minimum acceptable levels than they were under 
the high rainfall situation. 
Cutting at a height of 100 centimeter with no chemical 
fertilizer use in the farming system; Low rainfall 
This treatment results in the lowest profit margins under the 
low rainfall situation. The maize-Flemingia intercropping 
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provides a higher return on investments. The maize-Leucaena 
intercropping results in the lowest profit margins under the 
low rainfall situation. The internal rates of return for the 
maize-Leucaena intercropping decrease to 96 percent. 
Under the maize-Leucaena intercropping, a marked increase 
in the cost structure of the agroforestry (farming) systems 
could result in a reduction of profitability below the minimum 
acceptable levels. Using this intercropping system, the 
combination of marked increases in production costs and the 
use of high discount rates would result in profit margins 
below the minimum acceptable levels. 
In both the high and low rainfall situations, the maize-
Leucaena intercropping provides the lowest levels of 
profitability under the treatment of not using chemical 
fertilizer supplements and cutting the woody crops at a height 
of 100 centimeters. 
Cutting at a height of 50 centimeter with chemical 
fertilizer use in the farming system; Low rainfall 
This treatment results in the highest levels of profitability 
under the low rainfall situation. The maize-Flemingia 
intercropping indicates higher levels of return per Kwacha. 
The maize-Sesbania intercropping under this treatment results 
in relatively lower levels of profitability at different 
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discounting rates. However, all the three intercroppings are 
above the minimum acceptable levels of profitability. 
Cutting at a height of 100 centimeter with chemical 
fertilizer use in the farming system: Low rainfall 
All the three intercroppings indicate high levels of 
profitability. The maize-Leucaena intercropping results in 
higher return for every Kwacha invested. The maize-Flemingia 
intercropping provides relatively lower levels of return. 
Marked increases in the production costs of the agroforestry 
(farming) systems do not reduce the profitability of the 
intercroppings below the minimum acceptable levels. 
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Table 4.4 Feasibility results for the agroforestry 
practices assuming a low rainfall situation 
Maize-Sesbania intercropping 
Discount Rate 
Treatment 15% 30% 45% 
50cm cutting 
No Fertilizer 
NPV* 
B/C 
IRR^  
(ZK)b 
(%) 
19,645 
3.04 
>100 
11,390 
2.88 
>100 
7,163 
2.69 
>100 
100cm cutting 
No Fertilizer 
NPV 
B/C 
IRR 
(ZK) 
(%) 
12,584 
2.30 
>100 
7,608 
2.26 
>100 
4,863 
1.97 
>100 
50cm cutting 
With Fertilizer 
NPV 
B/C 
IRR 
(ZK) 
(%) 
36,541 
3.81 
>100 
21,121 
3.60 
>100 
13,294 
3.37 
>100 
100cm cutting 
With Fertilizer 
NPV 
B/C 
IRR 
(ZK) 
(%) 
34,778 
3.67 
>100 
20,753 
3.56 
>100 
13,555 
3.42 
>100 
® NPV is net present value of the farming system 
ZK represents Zambian Kwacha 
B/C is the benefit-cost ratio of the farming system 
IRR is the internal rate of return of the farming system 
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Table 4.5 Feasibility results for the agroforestry 
practices assuming a low rainfall situation 
Maize-Leucaena intercropping 
Discount Rate 
Treatment 15% 30% 45% 
50cm cutting 
No Fertilizer 
100cm cutting 
No Fertilizer 
50cm cutting 
With Fertilizer 
100cm cutting 
With Fertilizer 
NPV® (ZK)b 9,345 5,061 2,892 
B/Cc 1.97 1.83 1.68 
IRR'' (%) >100 >100 >100 
NPV (ZK) 6,035 3,138 1,669 
B/C 1.63 1.52 1.39 
IRR (%) 96 96 96 
NPV (ZK) 40,753 23,370 14,611 
B/C 4.13 3.88 3.61 
IRR (%) >100 >100 >100 
NPV (ZK) 35,652 19,894 12,043 
B/C 3.74 3.45 3.15 
IRR (%) >100 >100 >100 
® NPV is net present value of the farming system 
 ^ZK represents Zambian Kwacha 
® B/C is the benefit-cost ratio of the farming system 
IRR is the internal rate of return of the farming system 
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Table 4.6 Feasibility results for the agroforestry 
practices assuming a low rainfall situation 
Maize-Fleminaia intercropping 
Discount Rate 
Treatment 15% 30% 45% 
50cm cutting 
No Fertilizer 
100cm cutting 
No Fertilizer 
50cm cutting 
With Fertilizer 
100cm cutting 
With Fertilizer 
NPV® (ZK)" 17,470 9,719 5,816 
B/C= 2.81 2.60 2.37 
IRR'' (%) >100 >100 >100 
NPV (ZK) 19,334 10,831 6,544 
B/C 3.00 2.79 2.55 
IRR (%) >100 >100 >100 
NPV (ZK) 41,429 23,662 14,717 
B/C 4.18 3.92 3.63 
IRR (%) >100 >100 >100 
NPV (ZK) 32,212 20,667 14,601 
B/C 3.47 3.55 3.60 
IRR (%) >100 >100 >100 
® NPV is net present value of the farming system 
 ^ZK represents Zambian Kwacha 
B/C is the benefit-cost ratio of the farming system 
IRR is the internal rate of return of the farming system 
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Results of the Risk-Free Optimization Models 
Two sets of mathematical programming results are obtained 
under conditions of high rainfall and low rainfall. The high 
rainfall results are presented in Tables 4.7 through 4.13, and 
the low rainfall results are presented in Tables 4.14 through 
4.20. 
The mathematical programming results obtained using 
preliminary yield data indicate that the agroforestry 
(farming) systems of alley cropping are indeed economically 
profitable. It is indicated that under both high and low 
rainfall conditions, self-sufficiency in food production is 
attained for the small-scale farm household. Self-sufficiency 
in wood requirements also is attained under conditions of high 
rainfall. During the low rainfall years, wood production is 
lower than the wood requirements of the small-scale farm 
household. 
The largest profit margins over the seven year period, 
under both high and low rainfall conditions, are obtained when 
chemical fertilizers are applied to supplement the pruning 
broadcasts, and woody crops are cut at a height of 50 
centimeters. 
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The lowest profit margins over the seven year period, 
under both high and low rainfall conditions, are obtained when 
no chemical fertilizer supplements are applied and the woody 
crops are cut at a height of 100 centimeters. 
However, in both situations of high and low rainfall, the 
application of chemical fertilizer in combination with the 
treatment of cutting the woody crops at a height of 100 
centimeters, yields a much higher profit margin than the 
treatments where no chemical fertilizers are applied, 
irrespective of cutting height. 
Under conditions of high rainfall, the farming systems 
with chemical fertilizer application require slightly more 
labor than the systems where no chemical fertilizers are used. 
This is the case also under conditions of low rainfall, except 
during the low rainfall year of 1989/90 when labor 
requirements for all but the MPl^  system are reduced. 
Praqramtnina results - high rainfall situation 
Tables 4.7 through 4.13 show the results for the 
programming models under certainty conditions in a high 
rainfall situation. 
 ^ No chemical fertilizers are used in this system and the 
woody crops are cut at a height of 50cm. 
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Without chemical fertilizer and cutting at 50cm height 
An optimal value of K 259,062 over the seven year period, is 
obtained for the high rainfall situation with no chemical 
fertilizer application. When the optimal solution of the 
model is forced to include an intercropping of any of the 
agricultural crops with Leucaena. the net present value of the 
farm profits is reduced by large margins, ranging from 
K 1,826.04 in 1984 to K 7,339.84 in 1990 for maize; from 
K 756.00 in 1984 to K 1,979.99 in 1990 for sorghum; from 
K 755.99 in 1984 to K 1,980.00 in 1990 for cassava; and from 
K 755.99 in 1984 to K 1,980.00 in 1990 for millet. 
On the other hand, when the optimal solution is forced to 
include an intercropping of Flemingia with any of the four 
traditional crops, a much smaller reduction in profit margins 
is attained. The reductions range from K 46.44 in 1984 to K 
151.64 in 1990 for maize, and from K 41.99 to K 109.99 in 1990 
for sorghum, cassava, and millet, respectively. 
These profit reductions are not large enough to devastate 
the small-scale farmers. If there were compelling reasons for 
wanting to force Leucaena and Flemingia intercroppings in the 
optimal solution, the reduction in the present value of the 
farmer's profits over the seven year period would not come 
close to bankrupting the farmer. 
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Land has very high shadow prices in each of the seven 
years in the programming results. This reflects the fact that 
although land is plentiful in Zambia, there is a limited 
supply of cleared and fertile agricultural land for small-
scale farmers. Of the five hectares under cultivation, 4.54 
hectares are under maize-Sesbania cultivation and the 
remaining 0.46 hectares are divided among the Sesbania 
intercroppings with sorghum, cassava, and millet. 
When chemical fertilizers are not used to supplement the 
pruning broadcasts, the S. sesban intercroppings are favored 
because of their comparatively higher returns on the 
investments. The higher returns are derived from higher 
combined yields of the woody and agricultural crops. 
Allowing more land to be available to the small-scale 
farmer in the model does not change the pattern of resource 
allocation on the farm. When land availability is doubled to 
ten hectares in each of the seven years, the farmer obtains 
maximum profit margins if he/she increases the amount of land 
under the maize-Sesbania intercropping while holding the other 
intercroppings at previous levels. This result is consistent 
with observed behavior of small-scale farmers in Zambia. The 
comparative profitability of the maize crop has led to a 
situation where maize growing is overly emphasized by small-
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scale farmers. This is partly because maize is the staple 
food of almost all the Zambian people and partly because of 
the government guaranteed prices for farm produce which make 
maize growing relatively more profitable than the other 
traditional crops. 
Only maize and fuelwood are allowed to be sold on the 
market in this optimal solution. No sorghum, cassava, or 
millet sales are allowed in any of the seven years in the 
model. This is consistent with observed behavior of small-
scale farmers in Zambia who grow sorghum, cassava, and millet 
mostly for subsistence rather than for the market. 
The shadow prices on family labor are very low, but they 
are high for hired labor. This is partly a reflection of the 
fact that even though farm labor supply is adequate for small-
scale farming, shortages do occur during certain critical 
periods of farm activities. Labor, however, becomes a major 
constraint when land available to the small-scale farmer is 
increased. 
With chemical fertilizer and cutting at 50cm height 
When chemical fertilizers are used to supplement the pruning 
broadcasts at 50 centimeters of cutting height, grain and wood 
yields increase and the largest profit margins for all the 
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four treatments are obtained. The farm profits increase from 
K 259,062 when no chemical fertilizers are used, to K 571,860 
when chemical fertilizers are applied. Maize sales more than 
double and wood sales are slightly lower than in the no 
fertilizer situation. 
Unlike in the no-fertilizer situation, the Fleminaia 
intercropping is favored for maize growing in this particular 
treatment. However, Sesbania intercroppings with sorghum, 
cassava, and millet are still more profitable and are, 
therefore, preferred to the other intercroppings. Of the five 
hectares, 4.7 hectares are under maize-Fleminaia 
intercroppings and the remaining 0.3 hectares go into sorghum-
Sesbania. cassava-Sesbania. and millet-Sesbania intercroppings 
in each of the seven years. 
The imputed values of the land are more than double the 
ones obtained under a no-fertilizer situation. This indicates 
that, under this treatment, land becomes more constraining in 
the agroforestry (farming) system. Of all the constraints 
faced by the small-scale farmer, increasing land under 
cultivation would provide the largest increase in the profit 
margins. Imputed labor values, however, are the same. 
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Without chemical fertilizer and cutting at 100cm height 
This treatment provides the lowest profit margins to the 
farmer with total profits of K 236,293 over the seven year 
period. The optimal solution for this treatment allocates 
only sixteen tons of maize and 5.8 tons of wood for sale in 
each of the seven years, except in the fifth year. In the 
fifth year of the agroforestry system, maize sales are 
reduced to 11.8 tons and wood sales go up to eighteen tons. 
This change, in the fifth year, is a result of switching maize 
from Flemingia intercroppings in the other years, to a 
Sesbania intercropping in the fifth year. If the system is 
set up as a seven year rotation system, then this situation is 
not an attractive agroforestry option because of the 
interruption in the fifth year. 
With chemical fertilizer and cutting at 100cm height 
When woody crop cutting is done at a height of 100 centimeters 
and chemical fertilizers are applied in the farming system, 
0.11 hectares are allocated to sorghum-Sesbania and millet-
Sesbania cultivation respectively. Nine-hundredth of a 
hectare of the small-scale farm is allocated to cassava-
Sesbania. 3.84 hectares go under maize-Leucaena cultivation, 
and 0.86 under maize-Sesbania cultivation in all the seven 
151 
years, except in the fifth year. In the fifth year, all the 
4.7 hectares for the maize intercropping are allocated to 
maize-Sesbania. 
Only maize sales are allowed in each year of the 
programming results, except in the fifth where both maize and 
wood sales are permitted. Maize sales average 32 tons in each 
of the seven years, except in the fifth year where they are 
reduced to 26 tons. Wood sales in the fifth year are set at 
18 tons. 
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Table 4.7 Risk-free programming solutions assuming a high 
rainfall situation: Year 1 (1984) 
Solutions MPI* MP2b MP3C MP4d 
Obj. Func. (ZK)(e) 259,062 571,860 236,293 473,342 
M,s (ha) 4.54 - - 0.86 
Mil (ha) - - - 3.84 
MIF (ha) - 4.70 4.54 -
SIS (ha) 0.16 0.11 0.16 o
 
H
 
H
 
S,L (ha) - - - -
(ha) - - - -
Cis (ha) 0.13 0.09 0.13 0.09 
CiL (ha) - - - -
® Mathematical programming results when woody crops are cut at 
50cm height and with no fertilizer application. 
Mathematical programming results when woody crops are cut at 
50cm height and with fertilizer application. 
® Mathematical programming results when woody crops are cut at 
100cm height and with no fertilizer application. 
Mathematical programming results when woody crops are cut at 
100cm height and with fertilizer application. 
® Objective function value for the seven year period. 
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Table 4.7 continued 
MPI MP2 MP3 MP4 
ClF (ha) - - - -
Mils (ha) 0.16 o
 
H
 
H
 
0.16 0.11 
MIil (ha) - - - -
MIIF (ha) - - - -
MSE, (kg) 12,229 31,861 16,210 32,343 
FSE, (kg) 32,527 31,588 5,757 -
SSE, (kg) - - - -
CSE, (kg) - - - -
MISE, (kg) - - - -
MC, (kg) 600 600 600 600 
FC, (kg) 13,970 13,970 13,970 13,970 
SC, (kg) 132 132 132 132 
CC, (kg) 337 337 337 337 
MIC, (kg) 132 132 132 132 
FL, (m/d) 450 450 450 450 
HL, (m/d) 123.7 124.12 123.7 124.12 
KB, (ZK) 5,000 5,000 5,000 5,000 
KT, (ZK) - - - -
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Table 4.8 Risk-free programming solutions assuming a high 
rainfall situation: Year 2 (1985) 
Solutions MPI® MP2b MP3® MP4d 
Obj. Func.(®) (ZK) 259,062 571,860 236,293 473,342 
2^S (ha) 4.54 - - 0.86 
«21 (ha) - - - 3.84 
Map (ha) - 4.70 4.54 -
S2S (ha) 0.16 0.11 0.16 o
 
H
 
H
 
SZL (ha) - - - -
S2F (ha) - - - -
2^S (ha) 0.13 0.09 0.13 0.09 
(ha) - - - -
® Mathematical programming results when woody crops are cut at 
50cm height and with no fertilizer application. 
Mathematical programming results when woody crops are cut at 
50cm height and with fertilizer application. 
® Mathematical programming results when woody crops are cut at 
100cm height and with no fertilizer application. 
Mathematical programming results when woody crops are cut at 
100cm height and with fertilizer application. 
® Objective function value for the seven year period. 
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Table 4.8 continued 
MPI MP2 MP3 MP4 
("ZF (ha) - - - -
MIzs (ha) 0.16 0.11 0.16 0.11 
MIZL (ha) - - - -
Mlgp (ha) - - - -
MSEg (kg) 12,229 31,861 16,210 32,343 
FSEg (kg) 32,527 31,588 5,757 -
SSEg (kg) - - - -
CSEj (kg) - - - -
MISE; (kg) - - - -
MCg (kg) 600 600 600 600 
FCz (kg) 13,970 13,970 13,970 13,970 
SCz (kg) 132 132 132 132 
CC; (kg) 337 337 337 337 
MICg (kg) 132 132 132 132 
FLj (m/d) 450 450 450 450 
HLz (m/d) 123.7 124.12 123.7 124.12 
KBg (ZK) - - - -
KTg (ZK) 20,400 - - 35,896 
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Table 4.9 Risk-free programming solutions assuming 
rainfall situation; Year 3 (1986) 
a high 
Solutions MPI® MP2b MP3C MP4d 
Obj. Func. (ZK) 259,062 571,860 236,293 473,342 
«35 (ha) 4.54 - - 0.86 
M3L (ha) - - - 3.84 
Mjf (ha) - 4.70 4.54 -
S3S (ha) 0.16 0.11 0.16 0.11 
S3L (ha) - - - -
S3F (ha) - - - -
C3S (ha) 0.13 0.09 0.13 0.09 
3^L (ha) - - - -
® Mathematical programming results when woody crops are cut at 
50cm height and with no fertilizer application. 
** Mathematical programming results when woody crops are cut at 
50cm height and with fertilizer application. 
" Mathematical programming results when woody crops are cut at 
100cm height and with no fertilizer application. 
** Mathematical programming results when woody crops are cut at 
100cm height and with fertilizer application. 
® Objective function value for the seven year period. 
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Table 4.9 continued 
MPI MP2 MP3 MPI 
CjF (ha) - - - -
Miss (ha) 0.16 0.11 0.16 0
 
H
 
H
 
MI3L (ha) - - - -
MI3F (ha) - - - -
MSB, (kg) 12,229 31,861 16,210 32,343 
FSE, (kg) 32,527 31,588 5,757 -
SSE, (kg) - - - -
CSE, (kg) - - - -
MISE, (kg) - - - -
MC, (kg) 600 600 600 600 
FC, (kg) 13,970 13,970 13,970 13,970 
SC, (kg) 132 132 132 132 
CC, (kg) 337 337 337 337 
MIC, (kg) 132 132 132 132 
FL, (m/d) 450 450 450 450 
HL, (m/d) 123.7 124.12 123.7 124.12 
KB, (ZK) - - - -
KT, (ZK) 49,400 - 29,848 -
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Table 4.10 Risk-free programming solutions assuming a high 
rainfall situation; Year 4 (1987) 
Solutions MPI» MP2b MP3= MP4d 
Obj. Func. (ZK)(«) 259,062 571,860 236,293 473,342 
«48 (ha) 4.54 - - 0.86 
«41 (ha) - - - 3.84 
M4F (ha) - 4.70 4.54 -
CO
 (ha) 0.16 0.11 0.16 0
 
H
 
H
 
S4L (ha) - - - -
S4F (ha) - - - -
C48 (ha) 0.13 0.09 0.13 0.09 
C4L (ha) - - - -
" Mathematical programming results when woody crops are cut at 
50cm height and with no fertilizer application. 
** Mathematical programming results when woody crops are cut at 
50cm height and with fertilizer application. 
® Mathematical programming results when woody crops are cut at 
100cm height and with no fertilizer application. 
 ^Mathematical programming results when woody crops are cut at 
100cm height and with fertilizer application. 
" Objective function value for the seven year period. 
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Table 4.10 continued 
MPI MP2 MP3 MP4 
C4F (ha) - - - -
MI4S (ha) 0.16 0.11 0.16 0.11 
MI,L (ha) - - - -
MI,F (ha) - - - -
MSB, (kg) 12,229 31,861 16,210 32,343 
FSE, (kg) 32,527 31,588 5,757 -
SSE, (kg) - - - -
CSE, (kg) - - - -
MISE, (kg) - - - -
MC, (kg) 600 600 600 600 
FC, (kg) 13,970 13,970 13,970 13,970 
sc. (kg) 132 132 132 132 
cc. (kg) 337 337 337 337 
MIC, (kg) 132 132 132 132 
FL, (m/d) 450 450 450 450 
HL, (m/d) 123.7 124.12 123.7 124.12 
KB, (ZK) - - - -
KT, (ZK) - 73,833 64,419 -
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Table 4.11 Risk-free programming solutions assuming a high 
rainfall situation; Year 5 (1988) 
Solutions MPI* MP2b MP3® MP4d 
Obj. Func. (ZK)(e) 259,062 571,860 236,293 473,342 
Mss (ha) 4.54 - 4.54 4.70 
MSL (ha) - - - -
Msf (ha) - 4.70 - -
Sss (ha) 0.16 0.11 0.16 0.11 
SsL (ha) - - - -
SsF (ha) - - - -
Css (ha) 0.13 0.09 0.13 0.09 
CSL (ha) - - - -
® Mathematical programming results when woody crops are cut at 
50cm height and with no fertilizer application. 
 ^Mathematical programming results when woody crops are cut at 
50cm height and with fertilizer application. 
® Mathematical programming results when woody crops are cut at 
100cm height and with no fertilizer application. 
Mathematical programming results when woody crops are cut at 
100cm height and with fertilizer application. 
" Objective function value for the seven year period. 
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Table 4.11 continued 
MPI MP2 MP3 MP4 
CSF (ha) - - - -
Miss (ha) 0.16 0.11 0.16 0.11 
MIsl (ha) - - - -
MISF (ha) - - - -
MSE5 (kg) 12,229 31,861 11,784 26,352 
FSE5 (kg) 32,527 31,588 18,027 18,027 
SSE5 (kg) - - - -
CSEg (kg) - - - -
MISE5 (kg) - - - -
MCg (kg) 600 600 600 600 
FCg (kg) 13,970 13,970 13,970 13,970 
SCg (kg) 132 132 132 132 
CCg (kg) 337 337 337 337 
MICg (kg) 132 132 132 132 
FLg (m/d) 450 450 450 450 
HLg (m/d) 123.7 124.12 123.7 124.12 
KBg (ZK) - - - -
KTg (ZK) - 134,935 - 54,332 
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Table 4.12 Risk-free programming solutions assuming 
rainfall situation: Year 6 (1989) 
a high 
Solutions MPI» MP2b MP3= MP4d 
Ob j. Func. (ZK)<*> 259,062 571,860 236,293 473,342 
% (ha) 4.54 - - 0.86 
«61 (ha) - - - 3.84 
M6F (ha) - 4.70 4.54 -
S6S (ha) 0.16 0.11 0.16 0.11 
S6L (ha) - - - -
S6F (ha) - - - -
C6S (ha) 0.13 0.09 0.13 0.09 
C6L (ha) - - - -
® Mathematical programming results when woody crops are cut at 
50cm height and with no fertilizer application. 
'' Mathematical programming results when woody crops are cut at 
50cm height and with fertilizer application. 
® Mathematical programming results when woody crops are cut at 
100cm height and with no fertilizer application. 
Mathematical programming results when woody crops are cut at 
100cm height and with fertilizer application. 
® Objective function value for the seven year period. 
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Table 4.12 continued 
MPI MP2 MP3 MP4 
C6F (ha) - - - -
Ml6S (ha) 0.16 0.11 0.16 0.11 
Ml6L (ha) - - - -
Ml6F (ha) - - - -
MSE, (kg) 12,229 31,861 16,210 32,343 
FSE, (kg) 32,527 31,588 5,757 -
SSE, (kg) - - - -
CSE, (kg) - - - -
MISE, (kg) - - - -
MC, (kg) 600 600 600 600 
FC, (kg) 13,970 13,970 13,970 13,970 
SC, (kg) 132 132 132 132 
CC, (kg) 337 337 337 337 
MIC, (kg) 132 132 132 132 
(m/d) 450 450 450 450 
HL, (m/d) 123.7 124.12 123.7 124.12 
KB, (ZK) - - - -
KT, (ZK) 86,095 - - 143,543 
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Table 4.13 Risk-free programming solutions assuming 
rainfall situation: Year 7 (1990) 
a high 
Solutions MPI» MP2b MPS* MP4d 
Obj. Func. (ZK) 259,062 571,860 236,293 473,342 
M7S (ha) 4.54 - - 0.86 
M/L (ha) - - - 3.84 
(ha) - 4.70 4.54 -
®7S (ha) 0.16 0.11 0.16 0.11 
S7L (ha) - - - -
S/F (ha) - - - -
Cys (ha) 0.13 0.09 0.13 0.09 
C/L (ha) - - - -
® Mathematical programming results when woody crops are cut at 
50cm height and with no fertilizer application. 
Mathematical programming results when woody crops are cut at 
50cm height and with fertilizer application. 
" Mathematical programming results when woody crops are cut at 
100cm height and with no fertilizer application. 
Mathematical programming results when woody crops are cut at 
100cm height and with fertilizer application. 
® Objective function value for the seven year period. 
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Table 4.13 continued 
MPI MP2 MP3 MP4 
7^F (ha) - - - -
Mlys (ha) 0.16 0.11 0.16 0.11 
Ml7L (ha) - - - -
MI* (ha) - - - -
USE, (kg) 12,229 31,861 16,210 32,343 
FSE, (kg) 32,527 31,588 5,757 -
SSE, (kg) - - - — 
CSE, (kg) - - - -
MISE, (kg) - - - -
MC, (kg) 600 600 600 600 
FC, (kg) 13,970 13,970 13,970 13,970 
se. (kg) 132 132 132 132 
ce. (kg) 337 337 337 337 
MIC, (kg) 132 132 132 132 
FL, (m/d) 450 450 450 450 
HL, (m/d) 123.7 124.12 123.7 124.12 
KB, (ZK) - - - -
YECB, (ZK) 156,024 - - 270,000 
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Programming results - low rainfall situation 
Tables 4.14 through 4.20 show the results for the 
programming models under certainty conditions in a low 
rainfall situation. 
Without chemical fertilizer and cutting at 50cm height 
As expected, the present value of the net profits over the 
seven year period declines in response to lower crop yields in 
the low rainfall years. Except in the low rainfall years, 
resources on the farm are allocated in the same way as under 
high rainfall conditions without chemical fertilizer 
application and cutting at a height of 50 centimeters. In the 
low rainfall years of 1985/86, 1986/87 and 1989/90, a switch 
is made from a maize-Sesbania intercropping to a maize-
Leucaena intercropping. During the same period, a switch from 
Sesbania intercropping to Leucaena intercropping is also made 
for sorghum, cassava, and millet. 
During the low rainfall years, maize sales drop to 8.8 
tons from 12 tons. Wood sales in the low rainfall years are 
not permitted. Although consumption patterns of food crops 
never go below the minimum requirements, wood consumption 
drops to 10.4 tons per year during the low rainfall years. 
Since no effective market for wood is available in the rural 
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areas, the farmers would have to meet some of their wood 
requirements during the low rainfall years from the 
surrounding natural forests. Even if farmers had access to 
wood markets, it is highly unlikely that they would choose to 
buy wood, given the present situation where restrictions on 
cutting wood from natural forests are not enforced. 
Forcing Leucaena and Fleminaia intercroppings in the 
solutions for the high rainfall years reduces the profit 
margins. However, if there was need to include these 
intercroppings during high rainfall years, the reductions in 
profits are not large enough to bankrupt the small-scale farm 
enterprise. 
As in the high rainfall situation, the imputed values for 
land are quite high indicating that cleared land is a major 
constraint for the small-scale farmer. The relatively small 
imputed value for hired labor indicates that hired labor is 
not a major constraint in small-scale farm production in 
Zambia. 
Contrary to some perceptions, credit for the small-scale 
farmers is not a major constraint. This is indicated by the 
small shadow price on credit availability. 
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With chemical fertilizer and cutting at 50cm height 
In the low rainfall situation, this treatment provides the 
largest present value of farm profits over the seven year 
period. However, this present value is much lower than is 
obtained in the high rainfall situation under the same 
treatment. 
Resources on the farm are allocated in the same pattern 
as in the high rainfall situation under the same treatment. 
Most of the land is put under maize-Flemingia and the 
remainder under Sesbania intercroppings with sorghum, cassava, 
and millet. However, in the low rainfall years of 1985/86 and 
1986/87, the Flemingia intercropping for maize is abandoned 
and all the food crops are intercropped with Sesbania. The 
land area for the maize-Sesbania intercropping in these two 
low rainfall years is slightly reduced from 4.7 hectares to 
4.63 hectares. During the same period, land area under 
sorohum-Sesbania. cassava-Sesbania and millet-Sesbania is 
increased by an average of 0.02 hectares per intercropping. 
In the low rainfall year of 1989/90, all the food crops 
are put under the Sesbania intercroppings. However, the area 
under the maize intercropping is drastically reduced to 0.33 
hectares and the area under millet-Sesbania is increased to 
4.44 hectares. Cassava and millet intercropping areas are 
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also slightly increased. 
No maize or wood sales are made in the low rainfall year 
of 1989/90. However, 4.3 tons of millet are sold. 
Consumption of wood from the farm is reduced to 10.3 tons and 
no labor is hired in that year. The production mix in the 
1989/90 crop season does not require as much labor as in the 
other years. There is even a surplus of family labor in that 
particular year. 
Maize sales are reduced from 31.8 tons in the high 
rainfall years to 7.9 tons in the low rainfall years of 
1985/86 and 1986/87. No wood sales are made during this 
period. 
Without chemical fertilizer and cutting at 100cm height 
This system provides the lowest present value of farm profits 
over the seven year period. The resources on the farm are 
allocated in a similar manner as in the high rainfall 
situation under the same treatment. However, there are 
variations in resource allocation during the 1988/89 crop 
season and in the low rainfall years of 1985/86, 1986/87, and 
1989/90. 
In the low rainfall years of 1985/86 and 1986/87, the 
maize-Flemingia intercropping is reduced from 4.54 hectares to 
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0.85 hectares in each of the two low rainfall years. During 
the same period, sorghum and cassava are switched from 
Sesbania intercroppings to Fleminaia intercroppings under the 
same amount of land area. The millet intercropping is also 
switched from Sesbania to Fleminaia and the land area is 
increased from 0.16 hectares to 3.86 hectares in the 1985/86 
and 1986/87 crop seasons. 
No maize or wood sales are made during the 1985/86, 
1986/87, and 1989/90 crop seasons. Millet sales increase from 
zero tons in the other years to almost three tons in the low 
rainfall years. Consumption of wood from the farm is reduced 
to 10.4 tons per year during the same period. 
In the 1988/89 crop season, all food crops are 
intercropped with Sesbania. Almost all the five hectares are 
put under the maize intercropping. 
Maize sales of 11.8 tons are made in the 1988/89 crop 
season. These sales are lower than the ones made in the other 
high rainfall years. Wood sales at 18 tons are the highest 
for all the seven years under this treatment. 
The imputed values of labor are zero in the low rainfall 
years. Labor requirements in each of the low rainfall years 
are reduced and no labor is hired in these years. In fact, 
not all the family labor is fully utilized. 
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With chemical fertilizer and cutting at 100cm height 
This treatment provides the second largest present value of 
farm profits over the seven year period. However, this 
present value is lower than is obtained in the high rainfall 
situation under the same treatment. 
Resources on the farm are allocated in the same pattern 
as in the high rainfall situation under the same treatment. 
Most the land is put under maize-Flemlngia and the remainder 
under Sesbanla intercroppings with sorghum, cassava and 
millet. Land area allocations in this optimal solution follow 
a similar pattern as in the high rainfall situation under the 
same treatment. Eleven-hundredth of a hectare is allocated to 
sorghum-Sesbania and mi11et-Sesbanla cultivation, 
respectively. Nine-hundredth of a hectare of the small-scale 
farm is allocated to cassava-Sesbanla. 3.84 hectares are put 
under maize-Leucaena cultivation, and 0.86 hectares under 
maize-Sesbania cultivation in all the seven years, except in 
the 1988/89 crop season and in the low rainfall years. In the 
fifth year, the 3.84 hectares of maize-Leucaena intercropping 
are switched to a Sesbanla base for a total of 4.7 hectares of 
a maize-Sesbania intercropping. 
In the low rainfall years of 1985/86 and 1986/87, 4.63 
hectares of land are under a maize-Sesbania intercropping. 
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Land area allocated to the other intercroppings is slightly 
increased during the same period. 
In the 1989/90 crop season, only 0.23 of a hectare is 
allocated to a maize-Sesbania intercropping. However, the 
land area for a millet-Sesbania intercropping increases to 
4.53 hectares in the 1989/90 crop season. 
No wood sales are made in this optimal solution, except 
in the 1988/89 crop season when 18 tons of wood are sold. 
Maize sales average 32.3 tons each year except in 1988/89 and 
in the low rainfall years of 1985/86, 1986/87 and 1989/90. In 
1985/86 and 1986/87, maize sales average 11.3 tons in each 
year. Farm wood consumption during the same period drops from 
13.97 tons to 12.9 tons. 
In the 1988/89 crop season, 26.4 tons of maize and 18 
tons of wood are sold in the market. No maize or wood sales 
are made in the low rainfall year of 1989/90. However, 4.4 
tons of millet are sold in the 1989/90 crop season. 
Consumption of wood from the farm is reduced to 12.9 tons. 
The production mix in the 1989/90 crop season does not require 
as much labor as in the other years. Therefore, no labor is 
hired in this year. The 1989/90 crop season has the lowest 
labor requirements of all the programming results. 
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Table 4.14 Risk-free programming solutions 
low rainfall situation: Year 
assuming 
1 (1984) 
a 
Solutions MPI* MP2b MP3= MP4d 
Obj. Func. (ZK)(*) 193,995 364,229 145,500 313,874 
Mis (ha) 4.54 - - 0.86 
Mil (ha) - - - 3.84 
Mif (ha) - 4.70 4.54 -
Sis (ha) 0.16 0.11 0.16 0.11 
SlL (ha) - - - -
SlF (ha) - - - -
Cis (ha) 0.13 0.09 0.13 0.09 
CiL (ha) - - - -
" Mathematical programming results when woody crops are cut at 
50cm height and with no fertilizer application. 
 ^Mathematical programming results when woody crops are cut at 
50cm height and with fertilizer application. 
® Mathematical programming results when woody crops are cut at 
100cm height and with no fertilizer application. 
Mathematical programming results when woody crops are cut at 
100cm height and with fertilizer application. 
* Objective function value for the seven year period. 
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Table 4.14 continued 
MPI MP2 MP3 MP4 
ClF (ha) - - - -
Mils (ha) 0.16 0.11 0.16 0.11 
MIu (ha) - - - -
MIif (ha) - - - -
MSB, (kg) 12,229 31,861 16,210 32,343 
FSE, (kg) 32,527 31,588 5,757 -
SSE, (kg) - - - -
CSE, (kg) - - - -
MISE, (kg) - - - -
MC, (kg) 600 600 600 600 
FC, (kg) 13,970 13,970 13,970 13,970 
SC, (kg) 132 132 132 132 
CCi (kg) 337 337 337 337 
MIC, (kg) 132 132 132 132 
FL, (m/d) 450 450 450 450 
HL, (m/d) 123.7 124.12 123.7 124.12 
KB, (ZK) 5,000 5,000 5,000 5,000 
KT, (ZK) - - - -
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Table 4.15 Risk-free programming solutions assuming 
low rainfall situation: Year 2 (1985) 
a 
Solutions MPI' MP2b MP3C MP4d 
Obj. Func. (ZK) 193,995 364,229 145,500 313,874 
MM (ha) - 4.63 - 4.63 
Mzl (ha) 4.54 - - -
Mjj, (ha) - - 0.85 -
(ha) - 0.13 - 0.13 
Szt (ha) 0.16 - - -
SZF (ha) - - 0.16 -
2^8 (ha) - 0.11 - 0.11 
CZL (ha) 0.13 - - -
" Mathematical programming results when woody crops are cut at 
50cm height and with no fertilizer application. 
 ^Mathematical programming results when woody crops are cut at 
50cm height and with fertilizer application. 
° Mathematical programming results when woody crops are cut at 
100cm height and with no fertilizer application. 
Mathematical programming results when woody crops are cut at 
100cm height and with fertilizer application. 
" Objective function value for the seven year period. 
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Table 4.15 continued 
MPI MP2 MP3 MP4 
CgF (ha) - - 0.13 -
Ml2S (ha) - 0.13 - 0.13 
Ml2L (ha) 0.16 - - -
Ml2F (ha) - - 3.86 -
MSEg (kg) 8,848 7,911 - 11,338 
FSEj (kg) - - - -
SSEg (kg) - - - -
CSEg (kg) - - - -
MISEj (kg) - - 2,996 -
MCg (kg) 600 600 600 600 
FC2 (kg) 10,935 10,260 10,370 12,890 
SCz (kg) 132 132 132 132 
CC2 (kg) 337 337 337 337 
MICg (kg) 132 132 132 132 
FL2 (m/d) 450 450 315 450 
HLg (m/d) 123.7 124.12 - 124.12 
KBj (ZK) - - - -
KTg (ZK) - - - -
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Table 4.16 Risk-free programming solutions assuming a 
low rainfall situation: Year 3 (1986) 
Solutions MPI» MP2b MP3C MP4d 
Obj. Func. (ZK) 193,995 364,229 145,500 313,874 
M3S (ha) - 4.63 - 4.63 
M3L (ha) 4.54 - - -
M3F (ha) - - 0.85 -
S3S (ha) - 0.13 - 0.13 
®3L (ha) 0.16 - - -
S3F (ha) - - 0.16 -
C3S (ha) - 0.11 - 0.11 
C3L (ha) 0.13 - - -
" Mathematical programming results when woody crops are cut at 
50cm height and with no fertilizer application. 
 ^Mathematical programming results when woody crops are cut at 
50cm height and with fertilizer application. 
" Mathematical programming results when woody crops are cut at 
100cm height and with no fertilizer application. 
Mathematical programming results when woody crops are cut at 
100cm height and with fertilizer application. 
• Objective function value for the seven year period. 
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Table 4.16 continued 
MPI MP2 MP3 MP4 
3^F (ha) - - 0.13 -
Miss (ha) - 0.13 - 0.13 
MI3L (ha) 0.16 - - -
MI3, (ha) - - 3.86 -
MSE; (kg) 8,848 7,911 - 11,338 
FSE; (kg) - - - -
SSE; (kg) - - - -
CSEj (kg) - - - -
MISE; (kg) - 2,996 -
MC; (kg) 600 600 600 600 
FC; (kg) 10,395 10,260 10,370 12,890 
SC; (kg) 132 132 132 132 
CC; (kg) 337 337 337 337 
MIC; (kg) 132 132 132 132 
FL3 (m/d) 450 450 315 450 
HL; (m/d) 123.7 124.12 - 124.12 
KB; (ZK) - - - -
KT; (ZK) - - - 19,950 
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Table 4.17 Risk-free programming solutions 
low rainfall situation: Year 
1 assuming 
4 (1987) 
a 
Solutions MPI» MP2b MP3® MP4d 
Obj. Func. (ZK)(«) 193,995 364,229 145,500 313,874 
«45 (ha) 4.54 - - 0.86 
«41 (ha) - - - 3.84 
«4F (ha) - 4.70 4.54 -
S4S (ha) 0.16 0.11 0.16 0.11 
S4L (ha) - - - -
S4F (ha) - - - -
C4S (ha) 0.13 0.09 0.13 0.09 
C4L (ha) - - - -
® Mathematical programming results when woody crops are cut at 
50cm height and with no fertilizer application. 
 ^Mathematical programming results when woody crops are cut at 
50cm height and with fertilizer application. 
® Mathematical programming results when woody crops are cut at 
100cm height and with no fertilizer application. 
Mathematical programming results when woody crops are cut at 
100cm height and with fertilizer application. 
* Objective function value for the seven year period. 
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Table 4.17 continued 
MPI MP2 MP3 MP4 
C4F (ha) - - - -
Ml4S (ha) 0.16 0.11 0.16 0.11 
MI,, (ha) - - - -
MI,F (ha) - - - -
MSE, (kg) 12,229 31,861 16,210 32,343 
FSE, (kg) 32,527 31,588 5,757 -
SSE, (kg) - - - -
CSE, (kg) - - - -
MISE, (kg) - - - -
MC, (kg) 600 600 600 600 
FC, (kg) 13,970 13,970 13,970 13,970 
sc. (kg) 132 132 132 132 
cc. (kg) 337 337 337 337 
MIC, (kg) 132 132 132 132 
FL, (m/d) 450 450 450 450 
HL, (m/d) 123.7 124.12 123.7 124.12 
KB, (ZK) - - - -
KT, (ZK) 17,956 - - 42,961 
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Table 4.18 Risk-free programming solutions assuming a 
low rainfall situation: Year 5 (1988) 
Solutions MPI® MP2b MP3® MP4d 
Obj. Func. (ZK) 193,995 364,229 145,500 313 ,874 
Mss (ha) 4.54 - 4.54 4.70 
Msl (ha) - - - -
MSF (ha) - 4.70 - -
Sss (ha) 0.16 0.11 0.16 0.11 
SsL (ha) - - - -
SSF (ha) - - - -
("SS (ha) 0.13 0.09 0.13 0.09 
CSL (ha) - - - -
® Mathematical programming results when woody crops are cut at 
50cm height and with no fertilizer application. 
Mathematical programming results when woody crops are cut at 
50cm height and with fertilizer application. 
® Mathematical programming results when woody crops are cut at 
100cm height and with no fertilizer application. 
Mathematical programming results when woody crops are cut at 
100cm height and with fertilizer application. 
® Objective function value for the seven year period. 
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Table 4.18 continued 
MPI MP2 MP3 MP4 
CSF (ha) - - - -
Miss (ha) 0.16 0.11 0.16 0.11 
MISL (ha) - - - -
MISF (ha) - - - -
MSEg (kg) 12,229 31,861 11,784 26,352 
FSE; (kg) 32,527 31,588 18,027 18,027 
SSEg (kg) - - - -
CSEg (kg) - - - -
MISE; (kg) - - - -
MCg (kg) 600 600 600 600 
FCg (kg) 13,970 13,970 13,970 13,970 
SCg (kg) 132 132 132 132 
CCs (kg) 337 337 337 337 
MICg (kg) 132 132 132 132 
FI^ (m/d) 450 450 450 450 
HLg (m/d) 123.7 124.12 123.7 124.12 
KBg (ZK) - - - -
KTg (ZK) 46,303 61,102 - -
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Table 4.19 Risk-free programming solutions assuming a 
low rainfall situation: Year 6 (1989) 
Solutions MPI» MP2b MP3® MP4d 
Obj. Func. (ZK)(') 193,995 364,229 145,500 313,873 
«63 (ha) - 0.33 - 0.23 
«61 (ha) 4.54 - - -
M6F (ha) - - 0.85 -
S6S (ha) - 0.13 - 0.13 
S6L (ha) 0.16 - - -
S6F (ha) - - 0.16 -
C6S (ha) - 0.11 - 0.11 
C6L (ha) 0.13 - - -
" Mathematical programming results when woody crops are cut at 
50cm height and with no fertilizer application. 
Mathematical programming results when woody crops are cut at 
50cm height and with fertilizer application. 
Mathematical programming results when woody crops are cut at 
100cm height and with no fertilizer application. 
 ^Mathematical programming results when woody crops are cut at 
100cm height and with fertilizer application. 
® Objective function value for the seven year period. 
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Table 4.19 continued 
MPI MP2 MP3 MP4 
6^F (ha) - - 0.13 -
Ml6S (ha) - 4.44 — 4.53 
Ml6L (ha) 0.16 - - -
Ml6F (ha) - - 3.86 -
MSE, (kg) 8,848 - - -
FSE, (kg) - - - -
SSE, (kg) - - - -
CSE, (kg) - - - -
MISE^  (kg) - 4,304 2,996 4,398 
MC^  (kg) 600 600 600 600 
FC, (kg) 10,395 10,260 10,370 12,890 
SCfi (kg) 132 132 132 132 
CC, (kg) 337 337 337 337 
MIC^  (kg) 132 132 132 132 
(m/d) 450 273 315 266 
HL^  (m/d) 123.7 - - -
KB, (ZK) - - - -
KT. (ZK) 132,398 187,080 - -
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Table 4.20 Risk-free programming solutions assuming a 
low rainfall situation: Year 7 (1990) 
Solutions MPI» MP2b MP3® MP4d 
Obj. Func. (ZK)*®> 193,995 364,229 145,500 313 ,873 
M/s (ha) 4.54 - - 0.86 
MZL (ha) - - - 3.84 
M/F (ha) - 4.70 4.54 -
S/s (ha) 0.16 0.11 0.16 0.11 
®7L (ha) - - - -
S/F (ha) - - - -
C/s (ha) 0.13 0.09 0.13 0.09 
CfL (ha) - - - -
® Mathematical programming results when woody crops are cut at 
50cm height and with no fertilizer application. 
'' Mathematical programming results when woody crops are cut at 
50cm height and with fertilizer application. 
" Mathematical programming results when woody crops are cut at 
100cm height and with no fertilizer application. 
Mathematical programming results when woody crops are cut at 
100cm height and with fertilizer application. 
® Objective function value for the seven year period. 
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Table 4.20 continued 
MPI MP2 MP3 MP4 
CTF (ha) - - - -
Mlys (ha) 0.16 0.11 0.16 0.11 
MITL (ha) - - - -
MI7F (ha) - - - -
MSE, (kg) 12,229 31,861 16,210 32,343 
FSE, (kg) 32,527 31,588 5,757 -
SSE, (kg) - - - -
CSE, (kg) - - - -
MISE, (kg) - - - -
MC, (kg) 600 600 600 600 
FC, (kg) 13,970 13,970 13,970 13,970 
CO
 (kg) 132 132 132 132 
CC, (kg) 337 337 337 337 
MIC, (kg) 132 132 132 132 
FL, (m/d 450 450 450 450 
HL, (m/d) 123.7 124.12 123.7 124.12 
KB, (ZK) - - - -
YECB, (ZK) 166,988 207,864 14,463 -
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Results of the Risk Programming Models 
Results for the risk programming models were obtained for 
farm decision making under conditions of risk neutrality, 
moderate risk aversion, and extreme risk aversion. 
The extreme risk aversion situation is represented by the 
specification of the smallest possible delta value. By 
parameterizing delta from zero to a very large number, optimal 
solutions were obtained for each level of risk aversion. A 
farmer who is extremely risk averse will allocate his/her 
resources in such a way that deviations from the target income 
are at their minimum levels. On the other hand, a risk 
neutral farmer will allocate farm resources in a way that 
accommodates the possibility of large deviations below target 
income. The moderate risk situation, in this study, was 
determined by taking the median value of the risk parameter 
over its entire range. An optimal solution is then determined 
for this value of the parameter to obtain the moderate risk 
aversion solution. 
The results for all risk levels under conditions of high 
and low rainfall are shown in Tables 4.21 through 4.38. 
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Risk ormarammina results - high rainfall situation 
Tables 4.21 through 4.29 show the results for the high 
rainfall situation at three levels of risk aversion. 
Risk neutral preferences: High rainfall situation The 
risk neutral situation provides the highest profit margins to 
the agroforestry farmer. The farmer allocates most resources 
into maize production. 
The highest profit margins are obtained when maize is 
intercropped with Flemingia. and cutting of the woody plants 
is done at a height of 50 centimeters in addition to the 
application of chemical fertilizers. The lowest profit 
margins are obtained when chemical fertilizers are not used, 
maize is intercropped with Flemingia. and the woody plants are 
cut at a height of 100 centimeters. 
Under risk neutrality, the traditional crops of sorghum, 
cassava and millet are grown only at subsistence levels. The 
availability of adequate, cleared, and fertile land is the 
most constraining factor as indicated by the large imputed 
value for land. Although there maybe some labor shortages 
during peak periods for some farm activities such as land 
preparation, weeding, and crop harvesting, the overall supply 
of farm labor is adequate. 
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Moderate risk aversion: High rainfall situation Under 
the conditions of moderate risk aversion, the farmer starts to 
reallocate some of his/her resources away from maize 
production in favor of growing cassava and millet. More 
resources are diverted towards cassava growing when chemical 
fertilizers are utilized and the woody crops are cut at a 
height of 100 centimeters. 
The profit margins under conditions of moderate risk 
aversion are lower than those obtained in the risk neutral 
situation. However, the margins are higher than those 
obtained in the extreme risk aversion case. The decrease in 
the profit margins is as a result of less maize and wood sales 
being made under the moderate risk aversion situation. 
Although cassava and millet are introduced in the market at 
moderate risk aversion levels, the volume of the sales is not 
sufficient enough to bring the profit margins to the risk 
neutral levels. 
Extreme risk aversion; High rainfall situation More 
diversification is observed in the extreme risk aversion 
situation. More resources are relocated into the production 
of cassava and millet. Cassava and millet sales increase 
their contribution to farm income, whereas maize and wood 
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sales become less prominent in the farm enterprise. Critical 
concerns of the extreme risk farmer are to achieve a 
subsistence level of food production and a minimum target 
level of income. Profit considerations become supplementally. 
Cassava and millet are preferred crops to diversify into 
because, unlike maize, their yields are relatively more stable 
in the face of adverse conditions. 
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Table 4.21 Risk programming solutions assuming a high 
rainfall situation: Year 1 (1988) 
Solutions RP1» RP2b RP3® RP4d 
RISK NEUTRAL 
Obj. Func. (ZK) (*) 245,526 479,374 239,653 387,674 
Mis (ha) 4.54 - 2.93 0.86 
MIL (ha) - - - 3.84 
MIF (ha) - 4.70 1.61 -
S,s (ha) 0.16 0.11 0.16 0.11 
SlL (ha) - - - -
Su (ha) - - - -
^1S (ha) 0.13 0.09 0.13 0.09 
CiL (ha) - - - -
® Risk programming results when woody crops are cut at 
50cm height and with no fertilizer application. 
** Risk programming results when woody crops are cut at 
50cm height and with fertilizer application. 
Risk programming results when woody crops are cut at 
100cm height and with no fertilizer application. 
Risk programming results when woody crops are cut at 
100cm height and with fertilizer application. 
® Objective function value for the three year period. 
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Table 4.21 continued 
RPl RP2 RP3 RP4 
RISK NEUTRAL 
ClF (ha) - - - -
Mils (ha) 0.16 0.11 0.16 0.11 
MIIL (ha) - - - -
MIif (ha) - - - -
MSE, (kg) 12,229 31,861 13,352 32,343 
FSE, (kg) 32,527 31,588 13,678 -
SSE, (kg) - - - -
CSE, (kg) - - - -
MISE, (kg) - - - -
MC, (kg) 600 600 600 600 
FC, (kg) 13,970 13,970 13,970 13,970 
SC, (kg) 132 132 132 132 
CC, (kg) 337 337 337 337 
MIC, (kg) 132 132 132 132 
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Table 4.22 Risk programming solutions 
rainfall situation: Year 2 
assuming a 
(1989) 
high 
Solutions RPl® RP2b RP3® RP4d 
RISK NEUTRAL 
Obj. Func. (ZK) 245,526 479,374 239,653 387,674 
Mas (ha) 4.54 - 2.93 0.86 
Mat (ha) - - - 3.84 
Mgp (ha) - 4.70 1.61 -
Szs (ha) 0.16 0.11 0.16 0.11 
SZL (ha) - - - -
SZF (ha) - - - -
Cgs (ha) 0.13 0.09 0.13 0.09 
CzL (ha) - - - -
" Risk programming results when woody crops are cut at 
50cm height and with no fertilizer application. 
 ^Risk programming results when woody crops are cut at 
50cm height and with fertilizer application. 
" Risk programming results when woody crops are cut at 
100cm height and with no fertilizer application. 
Risk programming results when woody crops are cut at 
100cm height and with fertilizer application. 
* Objective function value for the three year period. 
194 
Table 4.22 continued 
RPl RP2 RP3 RP4 
RISK NEUTRAL 
CZF (ha) - - - -
Ml2S (ha) 0.16 0.11 0.16 0.11 
MIjl (ha) - - - -
MIzf (ha) - - - -
MSEj (kg) 12,229 31,861 13,352 32,343 
FSEg (kg) 32,527 31,588 13,678 -
SSEg (kg) - - - -
CSEg (kg) - - - -
MISEg (kg) - - - -
MCg (kg) 600 600 600 600 
FC^  (kg) 13,970 13,970 13,970 13,970 
SC2 (kg) 132 132 132 132 
CC2 (kg) 337 337 337 337 
MICg (kg) 132 132 132 132 
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Table 4.23 Risk programming solutions assuming a high 
rainfall situation: Year 3 (1990) 
Solutions RP1» RP2b RP3= RP4d 
RISK NEUTRAL 
Obj. Func. (ZK)(') 245,526 479,374 239,653 387,674 
«35 (ha) 4.54 - - 0.86 
«31 (ha) - - - 3.84 
«3F (ha) - 4.70 4.54 -
®35 (ha) 0.16 0.11 0.16 0.11 
S3L (ha) - - - -
S3F (ha) - - - -
3^S (ha) 0.13 0.09 0.13 0.09 
C3L (ha) - - - -
® Risk programming results when woody crops are cut at 
50cm height and with no fertilizer application. 
Risk programming results when woody crops are cut at 
50cm height and with fertilizer application. 
" Risk programming results when woody crops are cut at 
100cm height and with no fertilizer application. 
 ^Risk programming results when woody crops are cut at 
100cm height and with fertilizer application. 
® Objective function value for the three year period. 
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Table 4.23 continued 
RPl RP2 RP3 RP4 
RISK NEUTRAL 
C3F (ha) - - - -
MI3S (ha) 0.16 0.11 0.16 0.11 
MI3L (ha) - - - -
MI3F (ha) — - - -
MSE, (kg) 12,229 31,861 16,210 32,343 
FSEj (kg) 32,527 31,588 5,757 -
SSE; (kg) - - - -
CSE; (kg) - - - -
MISE; (kg) - - - -
MCj (kg) 600 600 600 600 
FC3 (kg) 13,970 13,970 13,970 13,970 
SC3 (kg) 132 132 132 132 
CC3 (kg) 337 337 337 337 
MIC; (kg) 132 132 132 132 
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Table 4.24 Risk programming solutions assuming a high 
rainfall situation: Year 1 (1988) 
Solutions RPl® RP2b RP3= RP4d 
MODERATE RISK AVERSION 
Obj. Func. (ZK)(*) 241,078 343,136 224,283 227,678 
Mis (ha) 4.54 - 2.59 1.43 
Mil (ha) - - - -
"IF (ha) - 2.58 1.69 -
Sis (ha) - 0.11 0.16 0.11 
SiL (ha) 0.16 - - -
(ha) - - - -
Cis (ha) 0.13 1.51 0.39 2.21 
CiL (ha) - - - -
® Risk programming results when woody crops are cut at 
50cm height and with no fertilizer application. 
'' Risk programming results when woody crops are cut at 
50cm height and with fertilizer application. 
® Risk programming results when woody crops are cut at 
100cm height and with no fertilizer application. 
Risk programming results when woody crops are cut at 
100cm height and with fertilizer application. 
® Objective function value for the three year period. 
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Table 4.24 continued 
RPl RP2 RP3 RP4 
MODERATE RISK AVERSION 
ClF (ha) - - - -
Mils (ha) - 0.11 0.16 0.11 
MIil (ha) 0.16 - - -
MI,F (ha) - - - -
MSE, (kg) 12,229 17,232 12,734 7,596 
FSE, (kg) 31,354 25,578 13,455 10,714 
SSE, (kg) - - - -
CSE, (kg) - 5,556 667 8,290 
MISE, (kg) - - - -
MC, (kg) 600 600 600 600 
FC, (kg) 13,970 13,970 13,970 13,970 
SC, (kg) 132 132 132 132 
CC, (kg) 337 337 337 337 
MIC, (kg) 132 132 132 132 
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Table 4.25 Risk programming solutions assuming a 
rainfall situation: Year 2 (1989) 
high 
Solutions RP1» RP2b RP3= RP4d 
MODERATE RISK AVERSION 
Obj. Func. (ZK)<®> 241,078 343,136 224,283 227,678 
Mgs (ha) 4.54 - 2.47 -
% (ha) — — - 0.43 
Mzf (ha) 2.58 - -
Szs (ha) 0.11 0.16 0.11 
SZL (ha) 0.16 - -
S2F (ha) — — - -
2^S (ha) 1.51 1.32 2.34 
CZL (ha) 0.13 - -
® Risk programming results when woody crops are cut at 
50cm height and with no fertilizer application. 
 ^Risk programming results when woody crops are cut at 
50cm height and with fertilizer application. 
® Risk programming results when woody crops are cut at 
100cm height and with no fertilizer application. 
Risk programming results when woody crops are cut at 
100cm height and with fertilizer application. 
® Objective function value for the three year period. 
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Table 4.25 continued 
RPl RP2 RP3 RP4 
MODERATE RISK AVERSION 
2^F (ha) - - - -
MIzs (ha) - 0.11 1.04 -
(ha) 0.16 - - -
Ml2F (ha) - - - 2.12 
MSEg (kg) 12,229 17,232 6,141 2,545 
FSEj (kg) 30,887 25,578 18,027 10,275 
SSEj (kg) - - - -
CSEj (kg) - 5,556 3,093 8,788 
MISEg (kg) - - 714 2,445 
MCg (kg) 600 600 600 600 
FCj (kg) 13,970 13,970 13,970 13,970 
SCg (kg) 132 132 132 132 
CCz (kg) 337 337 337 337 
MICj (kg) 132 132 132 132 
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Table 4.26 Risk programming solutions assuming a high 
rainfall situation; Year 3 (1990) 
Solutions RPl® RP2b RP3® RP4d 
MODERATE RISK AVERSION 
Obj. Func. (ZK)(*) 241,078 343,136 224,283 227,678 
«33 (ha) 4.54 - 2.46 1.97 
«31 (ha) - - - -
«3F (ha) - 2.58 1.73 -
S33 (ha) - 0.11 0.16 0.11 
S3L (ha) 0.16 - - -
S3F (ha) - - - -
3^3 (ha) - 1.51 0.49 1.59 
C3L (ha) 0.10 - - -
" Risk programming results when woody crops are cut at 
50cm height and with no fertilizer application. 
** Risk programming results when woody crops are cut at 
50cm height and with fertilizer application. 
® Risk programming results when woody crops are cut at 
100cm height and with no fertilizer application. 
Risk programming results when woody crops are cut at 
100cm height and with fertilizer application. 
® Objective function value for the three year period. 
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Table 4.26 continued 
RPl RP2 RP3 RP4 
MODERATE RISK AVERSION 
C3F (ha) - — - -
MI3S (ha) - 0.11 0.16 1.33 
MI3L (ha) 0.16 - - -
MI3F (ha) - - - -
MSEj (kg) 12,229 17,232 12,495 10,726 
FSE; (kg) 31,007 25,578 13,368 18,027 
SSEj (kg) - - - -
CSE; (kg) - 5,556 925 5,863 
MISE; (kg) - - - 1,482 
MCj (kg) 600 600 600 600 
FC; (kg) 13,970 13,970 13,970 13,970 
SC3 (kg) 132 132 132 132 
CC; (kg) 337 337 337 337 
MIC, (kg) 132 132 132 132 
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Table 4.27 Risk programming solutions assuming a high 
rainfall situation: Year 1 (1988) 
Solutions RP1» RP2b RP3= RP4d 
EXTREME RISK AVERSION 
Obj. Func. (ZK)(«) 145,628 160,419 127,420 154,332 
Mis (ha) - - - -
MIL (ha) - 0.56 — 0.54 
MiF (ha) 0.16 - 1.25 -
Sis (ha) - - - 0.11 
S,L (ha) - 0.11 0.16 -
(ha) 0.16 - - -
Cis (ha) - - - 2.75 
CiL (ha) 1.18 2.74 0.13 -
" Risk programming results when woody crops are cut at 
50cm height and with no fertilizer application. 
 ^Risk programming results when woody crops are cut at 
50cm height and with fertilizer application. 
® Risk programming results when woody crops are cut at 
100cm height and with no fertilizer application. 
Risk programming results when woody crops are cut at 
100cm height and with fertilizer application. 
* Objective function value for the three year period. 
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Table 4.27 continued 
RPl RP2 RP3 RP4 
EXTREME RISK AVERSION 
C,F (ha) 1.80 - - -
Mils (ha) - - - 0.11 
Mil, (ha) - 0.11 0.16 -
MIif (ha) 1.70 - - -
MSE, (kg) - 3,434 2,924 3,326 
FSE, (kg) 2,175 6,076 - -
SSE, (kg) - - - -
CSE, (kg) 7,396 10,350 - 10,402 
MISE, (kg) 1,246 - - -
MC, (kg) 600 600 600 600 
FC, (kg) 13,970 13,970 13,970 13,970 
SC, (kg) 132 132 132 132 
CC, (kg) 337 337 337 337 
MIC, (kg) 132 132 132 132 
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Table 4.28 Risk programming solutions assuming a 
rainfall situation: Year 2 (1989) 
high 
Solutions RP1» RP2b RP3® RP4d 
EXTREME RISK AVERSION 
Obj. Func. (ZK)*®> 145,628 160,419 127,420 154,332 
«2S (ha) 1.79 - -
«21 (ha) - 0.56 - 0.08 
M2F (ha) — — 4.54 -
S2S (ha) 0.16 - 0.11 
S2L (ha) 0.11 0.16 -
S2F (ha) — — - -
2^S (ha) 1.65 - 1.58 
C2L (ha) 2.74 0.13 0.93 
• Risk programming results when woody crops are cut at 
50cm height and with no fertilizer application. 
 ^Risk programming results when woody crops are cut at 
50cm height and with fertilizer application. 
® Risk programming results when woody crops are cut at 
100cm height and with no fertilizer application. 
Risk programming results when woody crops are cut at 
100cm height and with fertilizer application. 
* Objective function value for the three year period. 
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Table 4.28 continued 
RPl RP2 RP3 RP4 
EXTREME RISK AVERSION 
2^F (ha) - 2.74 - -
MIzs (ha) - - - -
MIjl (ha) - 0.11 0.16 -
MI* (ha) 1.40 - - 2.30 
MSEj (kg) 4,279 3,434 12,211 -
FSEg (kg) 14,259 6,076 29,978 -
SSEg (kg) - - - -
CSEg (kg) 3,956 10,350 - 9,449 
MISEg (kg) 998 - - 2,663 
MCg (kg) 600 600 600 600 
FC2 (kg) 13,970 13,970 13,970 13,970 
SC2 (kg) 132 132 132 132 
CC2 (kg) 337 337 337 337 
MICg (kg) 132 132 132 132 
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Table 4.29 Risk programming solutions assuming a high 
rainfall situation: Year 3 (1990) 
Solutions RPl* RP2b RP3= RP4^  
EXTREME RISK AVERSION 
Obj. Func. (ZK)(*) 145,628 160,419 127,420 154,332 
«38 (ha) - - - -
% (ha) - 0.15 - 0.08 
M3F (ha) 0.67 - 1.25 -
S3S (ha) 0.16 - - 0.11 
S3L (ha) - 0.11 0.16 -
S3F (ha) - - - -
C38 (ha) 0.21 - - 1.79 
(ha) - 2.99 0.13 1.24 
® Risk programming results when woody crops are cut at 
50cm height and with no fertilizer application. 
** Risk programming results when woody crops are cut at 
50cm height and with fertilizer application. 
® Risk programming results when woody crops are cut at 
100cm height and with no fertilizer application. 
Risk programming results when woody crops are cut at 
100cm height and with fertilizer application. 
® Objective function value for the three year period. 
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Table 4.29 continued 
RPl RP2 RP3 RP4 
EXTREME RISK AVERSION 
CSF (ha) 2.42 - - -
MI3S (ha) 0.16 - - 0.11 
MI3L (ha) - 0.11 0.16 -
MI3F (ha) - - - -
MSE, (kg) 1,884 492 2,924 -
FSEj (kg) 878 5,165 - -
SSEj (kg) - - - -
CSE, (kg) 6,489 11,319 - 11,484 
MISE3 (kg) - - - -
MC3 (kg) 600 600 600 600 
FC3 (kg) 13,970 13,970 13,970 13,970 
SC3 (kg) 132 132 132 132 
CC3 (kg) 337 337 337 337 
MIC, (kg) 132 132 132 132 
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Risk proararomina results - low rainfall situation 
Tables 4.30 through 4.38 show the results for the low 
rainfall situation at three levels of risk aversion. 
Risk neutral preferences; Low rainfall situation In 
the low rainfall situation, a farmer who is risk neutral will 
tend to allocate most of his/her resources into maize 
production. In the practice of using chemical fertilizers and 
cutting the woody crop at 50 centimeters height, some of the 
resources are shifted into cassava and millet production under 
a Leucaena intercropping. 
Consumption of wood from the farm drops to about ten 
metric tons during the low rainfall period of 1989/90, except 
when the woody crops are cut at 100 centimeters and chemical 
fertilizers are used to supplement the pruning broadcasts. In 
this latter case, surplus production of wood is still 
maintained. 
If a different crop combination is forced into the 
solution, a substantial cost penalty is incurred which reduces 
the level of the farm profit margins. However, in all the 
four different farm practices outlined, the cost penalty for 
forcing one crop combination is not high enough to render the 
agroforestry (farming) system unprofitable. 
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Moderate risk aversion; Low rainfall situation At 
this level of risk aversion, farm resources are allocated 
mostly into cassava and millet production. The moderately 
risk averse farmer grows cassava and millet for family 
consumption and for sale on the market. However, very few 
maize sales are made at this level of risk aversion and then 
only for farm practices of cutting the woody crops at 100 
centimeters. The price and yield variations combine to 
adversely impact farm income. The farmer reacts by moving 
his/her resources into cassava and millet production because 
of their relatively low yield variations. 
Extreme risk aversion; Low rainfall situation Cassava 
and millet continue to be the dominant crops in the 
agroforestry (farming) system under conditions of extreme risk 
aversion. Cassava production, in particular, assumes more 
prominence than at other levels of risk aversion. 
Maize production is limited to subsistence production 
levels. Therefore, no maize sales are observed under the 
extreme risk aversion situation. On the other hand, cassava 
sales increase to a peak of 11.5 metric tons when the farm 
practice of cutting the woody crops at 50 centimeters height 
is used in combination with chemical fertilizer application to 
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supplement the pruning broadcasts. 
High imputed values are obtained for the intercroppings 
that are not in the optimal solution basis. This is an 
indication of increased inflexibility on the part of the 
farmer who is extremely risk averse. Forcing one of these 
intercroppings into the optimal solution basis would result in 
a large reduction in the profit margins available to the 
farmer. 
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Table 4.30 Risk programming solutions assuming a 
rainfall situation: Year 1 (1988) 
low 
Solutions RP1= RP2b RP3= RP4d 
RISK NEUTRAL 
Obj. Func. (ZK)<®> 199,102 347,695 188,207 330,787 
Mis (ha) 4.54 - 4.54 -
MIL (ha) - - - 2.67 
MIF (ha) - 4.70 - 2.02 
SIS (ha) 0.16 0.11 0.16 0.11 
SlL (ha) - - - -
(ha) - - - -
1^S (ha) 0.13 0.09 0.13 0.09 
CiL (ha) - - - -
" Risk programming results when woody crops are cut at 
50cm height and with no fertilizer application. 
 ^Risk programming results when woody crops are cut at 
50cm height and with fertilizer application. 
® Risk programming results when woody crops are cut at 
100cm height and with no fertilizer application. 
Risk programming results when woody crops are cut at 
100cm height and with fertilizer application. 
® Objective function value for the three year period. 
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Table 4.30 continued 
RPl RP2 RP3 RP4 
RISK NEUTRAL 
(ha) - - - -
MIis (ha) 0.16 0.11 0.16 0.11 
MIil (ha) - - - -
MI,p (ha) - - - -
MSE, (kg) 12,229 31,861 11,784 31,325 
FSE, (kg) 32,527 31,588 18,027 -
SSE, (kg) - - - -
CSE, (kg) - - - -
MISE, (kg) - - - -
MC, (kg) 600 600 600 600 
FC, (kg) 13,970 13,970 13,970 13,970 
SC, (kg) 132 132 132 132 
CC, (kg) 337 337 337 337 
MIC, (kg) 132 132 132 132 
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Table 4.31 Risk programming solutions assuming a low 
rainfall situation: Year 2 (1989) 
Solutions RPl* RP2b RP3C RP4d 
RISK NEUTRAL 
Obj. Func. (ZK) («) 199,102 347,695 188,207 330,787 
2^S (ha) - 4.63 - 0.23 
«21 (ha) 1.58 - - 3.84 
Map (ha) 0.03 - 4.54 -
Szs (ha) - 0.13 - 0.13 
S2L (ha) 0.16 - - -
SgF (ha) - - 0.16 -
Czs (ha) - 0.11 - 0.11 
CZL (ha) 1.74 - - -
® Risk programming results when woody crops are cut at 
50cm height and with no fertilizer application. 
 ^Risk programming results when woody crops are cut at 
50cm height and with fertilizer application. 
® Risk programming results when woody crops are cut at 
100cm height and with no fertilizer application. 
Risk programming results when woody crops are cut at 
100cm height and with fertilizer application. 
® Objective function value for the three year period. 
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Table 4.31 continued 
RPl RP2 RP3 RP4 
RISK NEUTRAL 
2^F (ha) - - 0.13 -
MIzs (ha) - 0.13 - 4.53 
MIzL (ha) 1.49 - - -
MIzF (ha) - - 0.16 -
MSEg (kg) - 7,911 2,622 -
FSEg (kg) - - - 18,046 
SSEg (kg) - - - -
CSEg (kg) 4,189 - - -
MISEg (kg) 1,075 - - 11,818 
MCg (kg) 600 600 600 600 
FCj (kg) 10,377 10,260 10,370 13,970 
SC; (kg) 132 132 132 132 
CCz (kg) 337 337 337 337 
MICg (kg) 132 132 132 132 
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Table 4.32 Risk programming solutions assuming a low 
rainfall situation: Year 3 (1990) 
Solutions RPl* RP2b RP3= RP4d 
RISK NEUTRAL 
Obj. Func. (ZK) 199,102 347,695 188,207 330,787 
«38 (ha) 4.54 - 4.54 4.70 
% (ha) - - - -
M3F (ha) - 4.70 - -
S3S (ha) 0.16 0.11 0.16 0.11 
S3L (ha) - - - -
S3F (ha) - - - -
C3S (ha) 0.13 0.09 0.13 0.09 
C3L (ha) - - - -
® Risk programming results when woody crops are cut at 
50cm height and with no fertilizer application. 
 ^Risk programming results when woody crops are cut at 
50cm height and with fertilizer application. 
® Risk programming results when woody crops are cut at 
100cm height and with no fertilizer application. 
Risk programming results when woody crops are cut at 
100cm height and with fertilizer application. 
" Objective function value for the three year period. 
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Table 4.32 continued 
RPl RP2 RP3 RP4 
RISK NEUTRAL 
(ha) - - - -
MI33 (ha) 0.16 0.11 0.16 0.11 
MI3L (ha) - - - -
MI3, (ha) - - - -
HSE3 (kg) 12,229 31,861 11,784 26,352 
FSE3 (kg) 32,527 31,588 18,027 18,027 
SSE3 (kg) - - - -
CSEj (kg) - - - -
MISE3 (kg) - - - -
MC3 (kg) 600 600 600 600 
FC3 (kg) 13,970 13,970 13,970 13,970 
SC3 (kg) 132 132 132 132 
CC3 (kg) 337 337 337 337 
MIC3 (kg) 132 132 132 132 
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Table 4.33 Risk programming solutions assuming a low 
rainfall situation: Year 1 (1988) 
Solutions RP1» • RP2b RP3= RP4d 
MODERATE RISK AVERSION 
Obj. Func. (ZK)(*) 147,705 191,810 145,712 270,770 
Mis (ha) 0.21 - 0.22 1.41 
MIL (ha) - 0.08 - -
MIF (ha) - - - -
SIS (ha) - - - 0.11 
S,L (ha) 0.16 0.11 - -
Sif (ha) - - 0.16 -
1^S (ha) - 2.51 - 1.86 
C,L (ha) 2.48 - - -
® Risk programming results when woody crops are cut at 
50cm height and with no fertilizer application. 
Risk programming results when woody crops are cut at 
50cm height and with fertilizer application. 
® Risk programming results when woody crops are cut at 
100cm height and with no fertilizer application. 
Risk programming results when woody crops are cut at 
100cm height and with fertilizer application. 
• Objective function value for the three year period. 
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Table 4.33 continued 
RPl RP2 RP3 RP4 
MODERATE RISK AVERSION 
ClF (ha) - - 2.41 -
Mils (ha) - - - 1.62 
MIu (ha) 1.95 2.30 - -
MIif (ha) - - 2.20 -
MSB, (kg) - - - 7,482 
FSE, (kg) 14,168 23,558 5,121 -
SSE, (kg) - - - -
CSE, (kg) 6,111 9,447 5,941 6,935 
MISE, (kg) 1,445 2,662 1,652 1,835 
MC, (kg) 600 600 600 600 
FC, (kg) 13,970 13,970 13,970 13,970 
SC, (kg) 132 132 132 132 
CC, (kg) 337 337 337 337 
MIC, (kg) 132 132 132 132 
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Table 4.34 Risk programming solutions assuming a 
rainfall situation; Year 2 (1989) 
low 
Solutions RP1» RP2b RP3= RP4d 
MODERATE RISK AVERSION 
Obj. Func. (ZK)<®' 147,705 191,810 145,712 270,770 
2^S (ha) 0.33 - 0.23 
M2L (ha) 1.56 - -
Mzf (ha) — — 0.85 -
S2S (ha) 0.13 - 0.13 
S2L (ha) 0.16 - -
S2F (ha) — — 0.16 -
2^S (ha) 2.38 - 0.11 
("21 (ha) 1.75 - -
® Risk programming results when woody crops are cut at 
50cm height and with no fertilizer application. 
'' Risk programming results when woody crops are cut at 
50cm height and with fertilizer application. 
" Risk programming results when woody crops are cut at 
100cm height and with no fertilizer application. 
Risk programming results when woody crops are cut at 
100cm height and with fertilizer application. 
* Objective function value for the three year period. 
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Table. 4.34 continued 
RPl RP2 RP3 RP4 
MODERATE RISK AVERSION 
2^F (ha) - - 2.11 -
MIzs (ha) - 2.16 - 4.53 
Ml2L (ha) 1.50 - - -
MIZF (ha) - - 1.88 -
MSEg (kg) - - - -
FSEg (kg) - - - 18,046 
SSEg (kg) - - - -
CSEg (kg) 4,219 7,274 5,149 -
MISE; (kg) 1,085 2,031 1,391 11,818 
MCg (kg) 600 600 600 600 
FCj (kg) 10,377 10,260 10,370 13,970 
SCz (kg) 132 132 132 132 
CCz (kg) 337 337 337 337 
MICg (kg) 132 132 132 132 
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Table 4.35 Risk Programming Solutions assuming a 
rainfall situation: Year 3 (1990) 
low 
Solutions RPl* RP2b RP3= RP4d 
MODERATE RISK AVERSION 
Obj. Func. (ZK)(*) 147,705 191,810 145,712 270,770 
«38 (ha) 0.21 0.10 
«31 (ha) 0.08 -
«3F (ha) — — 0.45 -
S3S (ha) — — — 0.11 
S3L (ha) 0.16 0.11 -
S3F (ha) — — 0.16 -
C3S (ha) — — — 2.50 
C3L (ha) 2.42 2.51 -
® Risk programming results when woody crops are cut at 
50cm height and with no fertilizer application. 
Risk programming results when woody crops are cut at 
50cm height and with fertilizer application. 
® Risk programming results when woody crops are cut at 
100cm height and with no fertilizer application. 
Risk programming results when woody crops are cut at 
100cm height and with fertilizer application. 
® Objective function value for the three year period. 
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Table 4.35 continued 
RPl RP2 RP3 RP4 
MODERATE RISK AVERSION 
(ha) - - 2.30 -
Miss (ha) - - - 2.29 
MI3L (ha) 2.21 2.30 - -
MI3F (ha) - - 2.08 -
MSEj (kg) - - 1,059 -
FSE, (kg) 15,292 14,527 21,920 18,027 
SSE, (kg) - - - -
CSE; (kg) 5,950 9,447 5,652 9,406 
MISE; (kg) 1,655 2,662 1,557 2,649 
MCj (kg) 600 600 600 600 
FC3 (kg) 13,970 13,970 13,970 13,970 
SC3 (kg) 132 132 132 132 
CC3 (kg) 337 337 337 337 
MIC3 (kg) 132 132 132 132 
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Table 4.36 Risk programming solutions assuming a 
rainfall situation: Year 1 (1988) 
low 
Solutions RP1» RP2b RP3= RP4d 
EXTREME RISK AVERSION 
Obj. Func. (ZK) 111,642 151,846 99,516 149,113 
Mis (ha) 0.22 0.21 -
MIL (ha) 0.08 - -
MIF (ha) — — - 0.10 
SIS (ha) — — - -
S,L (ha) 0.11 0.16 0.11 
SlF (ha) 0.16 - -
1^S (ha) — — - 1.30 
ClL (ha) 3.03 1.78 1.35 
® Risk programming results when woody crops are cut at 
50cm height and with no fertilizer application. 
'' Risk programming results when woody crops are cut at 
50cm height and with fertilizer application. 
" Risk programming results when woody crops are cut at 
100cm height and with no fertilizer application. 
Risk programming results when woody crops are cut at 
100cm height and with fertilizer application. 
® Objective function value for the three year period. 
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Table 4.36 continued 
RPl RP2 RP3 RP4 
EXTREME RISK AVERSION 
ClF (ha) 2.85 - - -
Mils (ha) - - - -
MIu (ha) - 0.11 0.16 1.66 
MIif (ha) 0.38 - - -
MSE, (kg) - - - -
FSE, (kg) - 5,013 - -
SSE, (kg) - - - -
CSE, (kg) 7,064 11,481 4,288 10,005 
MISE, (kg) 182 - - ,886 
MC, (kg) 600 600 600 600 
FC, (kg) 13,970 13,970 13,970 13,970 
SC, (kg) 132 132 132 132 
CC, (kg) 337 337 337 337 
MIC, (kg) 132 132 132 132 
226 
Table 4.37 Risk programming solutions assuming a low 
rainfall situation: Year 2 (1989) 
Solutions RP1» RP2b RP3= RP4d 
EXTREME RISK AVERSION 
Obj. Func. (ZK) («) 111,642 151,846 99,516 149,113. 
2^S (ha) - 0.33 - 0.23 
% (ha) - - 1.56 -
(ha) 0.85 - - -
S2S (ha) - 0.13 - -
S2L (ha) - - 0.16 0.13 
SzF (ha) 0.16 - - -
2^S (ha) - 2.38 - -
C2L (ha) - - 1.75 1.04 
" Risk programming results when woody crops are cut at 
50cm height and with no fertilizer application. 
 ^Risk programming results when woody crops are cut at 
50cm height and with fertilizer application. 
® Risk programming results when woody crops are cut at 
100cm height and with no fertilizer application. 
** Risk programming results when woody crops are cut at 
100cm height and with fertilizer application. 
• Objective function value for the three year period. 
227 
Table 4.37 continued 
RPl RP2 RP3 RP4 
EXTREME RISK AVERSION 
CZF (ha) 2.11 - - 0.67 
(ha) - 2.16 - 1.63 
(ha) - - 1.50 3.59 
MI* (ha) 1.88 - - -
MSEj (kg) - - - -
FSEg (kg) - - - -
SSEg (kg) - - - -
CSEg (kg) 5,149 7,274 4,219 5,122 
MISEj (kg) 1,391 2,031 1,085 5,096 
MCg (kg) 600 600 600 600 
FC2 (kg) 10,370 10,260 10,377 13,970 
SCj (kg) 132 132 132 132 
CC2 (kg) 337 337 337 337 
MIC2 (kg) 132 132 132 132 
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Table 4.38 Risk programming solutions assuming a low 
rainfall situation: Year 3 (1990) 
Solutions RP1= RP2b RP3= RP4d 
EXTREME RISK AVERSION 
Obj. Func. (ZK)(*) 111,642 151,846 99,516 149,113 
MSS (ha) 0.22 - 0.21 0.10 
% (ha) - 0.08 - -
Msf (ha) - - - -
S3S (ha) - - - -
S3L (ha) - 0.11 0.16 0.11 
(ha) 0.16 - - -
C3S (ha) - - - 1.25 
(=31 (ha) - 3.03 1.78 1.41 
" Risk programming results when woody crops are cut at 
50cm height and with no fertilizer application. 
 ^Risk programming results when woody crops are cut at 
50cm height and with fertilizer application. 
® Risk programming results when woody crops are cut at 
100cm height and with no fertilizer application. 
Risk programming results when woody crops are cut at 
100cm height and with fertilizer application. 
® Objective function value for the three year period. 
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Table 4.38 continued 
RPl RP2 RP3 RP4 
EXTREME RISK AVERSION 
C3F (ha) 2.90 - - -
MI3S (ha) - - - -
MIjl (ha) - 0.11 0.16 1.60 
MI3F (ha) - - - -
MSE3 (kg) - - - -
FSEj (kg) - 5,013 - -
SSE3 (kg) - - - -
CSEj (kg) 7,203 11,481 4,288 10,041 
MISE, (kg) - - - 1,818 
MCj (kg) 600 600 600 600 
FC3 (kg) 13,970 13,970 13,970 13,970 
SC3 (kg) 132 132 132 132 
CC3 (kg) 337 337 337 337 
MIC, (kg) 132 132 132 132 
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CHAPTER V. SUMMARY AND CONCLUSIONS 
The bulk of Zambia's food production is from the small-
scale farms. However, most of the small-scale farmers are not 
consistent surplus producers partly because of their inability 
to increase or maintain productivity on their farms. As a 
result, different government programs have been put in place 
in an attempt to help the small-scale farmers. 
The small-scale farmer in Zambia faces a lot of 
constraints in crop production. Major concerns include 
marketing and capital constraints that affect the acquisition 
of crucial and adequate farm inputs. Most small-scale farmers 
cannot afford to purchase adequate farm inputs to enhance 
their crop production activities. Even when they can afford 
to purchase the inputs, the inputs are sometimes not available 
at the right place and time. 
The use of chemical fertilizers in Zambia is widespread. 
Farmers continue to use chemical fertilizers to maintain their 
crop production levels. This situation is compounded by the 
problem of declining soil fertility on most Zambian farms. As 
a result, more and more chemical fertilizers are used in order 
to maintain soil fertility. 
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Agroforestry (fanning) systems provide an alternative for 
maintaining soil stability and fertility through intercropping 
with nitrogen-fixing woody crops. 
The preliminary yield results from the agroforestry 
research stations in Zambia have been promising. An attempt 
is made in this study to use this information to outline a 
methodology for economic analysis of the potential 
agroforestry systems in Zambia. 
In this study, an organized and accessible market for 
wood products was assumed to be available for the agroforestry 
farmer. The agroforestry (farming) systems reviewed produce 
enough wood for various purposes, one of which is for meeting 
energy needs of the small-scale farming household. The lack 
of an accessible market for wood would present a problem in 
achieving satisfactory farmers' participation in agroforestry. 
The results of the economic analysis applied in this 
study indicate that the potential agroforestry (farming) 
systems for Zambian agriculture are indeed financially viable. 
The project appraisal approach was used to investigate the 
financial feasibility of the agroforestry systems under 
review. Later on in the study, mathematical programming 
techniques are employed to address the explicit constraints 
small-scale farmers face in crop production. Risk 
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considerations also are included in an attempt to analyze 
decision making by farmers under three levels of risk 
aversion. The introduction of risk in the analysis results in 
increased crop diversification on the small-scale farms. This 
is in line with observed current practices of small-scale 
farmers in Zambia. 
The results presented in this study are not conclusive in 
the sense that the data used from the agroforestry research 
stations are preliminary. As more conclusive data are 
obtained for the agroforestry (farming) systems being 
introduced, further research can be done to derive concise 
results to analyze the systems. 
Nevertheless, the intervention of policy makers is 
necessary for agroforestry (farming) systems to be successful. 
Land tenure issues need to be addressed. This is an important 
consideration in a farmer's decision to make long term 
investments in the land. Sustainable agricultural systems 
would require such investments. Current land tenure practices 
do not, however, provide the right environment for long term 
investments in the land. 
Scientific research efforts in agroforestry should be 
adequately funded so that they include other traditional crops 
besides maize. Extension services should incorporate 
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dissemination of agroforestry technologies. 
Deliberate efforts should be made to develop market 
outlets for inputs and outputs of agroforestry (farming) 
systems. This is fundamental to the success of any 
agroforestry enterprise. 
Credit facilities should be made available to farmers who 
intend to adopt sustainable farming systems. Credit should 
take into account the long term view of investments in 
agroforestry (farming) systems. The current practice of 
providing short term loans to small-scale farmers should be 
reviewed so that consideration is given to the time lag 
between investments and the reaping of benefits in an 
agroforestry (farming) system. 
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Multi-purpose Trees/Soil Improvement Trials 
1. Hedgerow Intercropping Trial 
(i) Objectives 
The main objective of this trial is development of MPT 
management for fertility improvement. 
(ii) Treatments and Design 
The treatments were double hedgerows of Leucaena 
leucocephala, Flemingia congesta and Sesbania sesban pruned at 
50cm and 100cm and two levels of fertilizers. The treatment 
combinations were arranged in an incomplete block design with 
three replications. 
(iii) Management of the trials 
The whole site was ploughed and disked before the layout of 
the trial. The hedgerows were planted on December 30, 1987 in 
double rows. Weeding with a hoe was done during the season when 
necessary. Prior to planting the maize on December 21, 1988, 
the alleys were ploughed with a hoe to obtain a good seed bed. 
A basal diammonium phosphate at 200 kg/ha was incorporated in 
the appropriate plots at maize planting. The hedgerows were 
pruned to the stipulated height on December 16, 1988. After 
separating the woody portions (wood) from the twigs and leaves 
(prunings), the prunings were weighed, broadcast in the alleys 
and incorporated well to a depth of 20cm. From each MPT and 
each pruning time, 500g of the prunings were oven-dried to 
determine dry biomass yield. Biomass yield in this report is 
the oven-dry weight. 
In this study, any woody part that was greater than 0.6cm 
in diameter was considered as wood, while those twigs less than 
0.6cm in diameter were considered as prunings. The maize 
(variety MM603) was planted at 1-2 seeds per hole in 75cm and 
25cm spacing between and within maize rows and plants 
respectively. The maize was thinned to one plant per hole at 14 
days after planting. Subsequent prunings were carried out on 
February 2, March 15 and April 4, 1989. These latter prunings 
were applied on the surface (between and within maize rows in 
the alleys) . The maize plots were weeded at 14 days after 
planting and before top dressing with urea. 
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(iv) Data Recording and observation 
Soil samples at 0-5cm and 5-lOcm were taken before the 
application of the treatments. These initial soil samples are 
to provide baseline data for comparisons and assessing the soil 
improving capacity of the MPT management. After harvesting the 
maize, soil samples were taken from the center of each alley at 
0-5cm and 5-lOcm soil depth. Samples from each treatment were 
composited and processed for analysis. Analysis from these will 
be used to study soil property changes from MPT pruning 
additions. Periodic measurement of the height of 10 trees each 
of Leucaena, Flemingia and Sesbania hedgerows were taken. 
Insect/pests on the MPTs were recorded. The maize plant heights 
were measured at two weekly intervals from 14 days after 
planting. Days to 50 percent tasselling, silking and 90 percent 
maturity were recorded. At harvest, the maize in the two middle 
rows were counted and cut at ground level to determine grain and 
stover yield. 
(V)  Results and Discussion 
(a) MPT Performance 
(a.l) Growth 
Table A.l shows the growth in height of the Leucaena, 
Flemingia and Sesbania hedgerows. The three MPTs show different 
growth rates throughout the year of growth. Sesbania had 
reached 1.50 meters in the first five months after planting 
compared to 0.46m and 0.39m for Leucaena and Flemingia 
respectively. It can be figured from Table A.l that the 
measurements were taken at intervals of 60, 61, 62, 63 and 79 
days. Average daily growth rates can then be calculated to 
understand the growth pattern and changes during the development 
of the hedgerows. The growth rate values have implications for 
seasonal effects on the growth of MPTs at different locations. 
For the three species, and at this site, average daily 
growth rates were lowest between May 10 to September 12. During 
this period, Leucaena, Flemingia and Sesbania had growth rates 
of 0.08, 0.17 and 0.75cm/day respectively compared to high 
growth rates of 0.47, 0.35 and 1.23cm/day for the Leucaena, 
Flemingia and Sesbania respectively in the first five months of 
growth. The dry cold period could account for the slow growth 
rate at this time of the year. 
245 
(a.2) Biomass Production 
Prunings 
In Table A.3, Sesbania sesban produced the highest amount 
of prunings in comparison to Leucaena and Flemingia. At first 
cutting, Sesbania prunings were 2.0 - 2.6 tons/hectare compared 
to 0.13 - 0.63 tons/hectare for Leucaena and Flemingia. The 
total biomass after four cuttings during the maize growth cycle 
were 7.4 - 11.5 tons/hectare for Sesbania, 1.4 - 2.3 
tons/hectare for Flemingia and 2.3 - 3.2 tons/hectare for 
Leucaena. For biomass production at the site and in this study, 
Sesbania > Leucaena > Flemingia. Variation between the plots 
were, in general, large for 
the three species. 
(a.3) Wood Yield 
As expected, the wood yields were higher at 50cm cuttings 
than at 100cm cutting height (Table A.2). Wood yields at 50cm 
cutting height were 9.3, 9.1 and 5.7 tons/hectare respectively 
from Sesbania, Flemingia and Leucaena. Wood that can be 
obtained from MPT hedgerows is an important component to 
consider in the selection of MPTs for alley cropping technology. 
The wood component should play a major role in the trade off s of 
the technology. 
(b) Effects of MPT Prunings on Maize Yield and Soil 
Properties 
(b.l) Effect on Stover Yield 
Maize stover yields from the MPT managed alleys varied 
within and between MPTs (Table A.4). Maize stover from the 
Leucaena, Flemingia and Sesbania ranged respectively from 3.9 -
5.9 tons/hectare, 2.7 - 7.8 tons/hectare and 4.4 - 6.8 
tons/hectare. Flemingia pruned at 100cm and with or without 
fertilizer gave 40 percent more stover than the control plots 
when compared to Leucaena and Sesbania plots which in some cases 
had less stover than the control plots. 
(b.2) Effects on Grain Yields 
Maize yields from the plots that had Leucaena, Flemingia 
and Sesbania prunings and fertilizers showed the highest grain 
yields irrespective of cutting height (Table A.5). Plots with 
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the prunings and the recommended fertilizer rates gave from 4 -
30 percent more maize than the control plots that did not 
receive MPT prunings. Maize plots that had MPT prunings alone 
without fertilizer consistently had less maize than the plots 
with chemical fertilizer alone (control). With the application 
of the equivalent of 68kg N/hectare and Leucaena prunings in 
this study, maize grain yields were increased by 30 percent over 
the control. At the Kenyan Coast, application of Leucaena 
leucocephala prunings and calcium ammonium nitrate at 150 
kg/hectare (approximately 31kg N/hectare) has been reported to 
give 60 percent more maize than the control plots. 
(c) Soil Organic Matter 
Changes in soil properties are expected from the addition 
of MPT prunings. The direction and magnitude of change should 
be considered in the light of the type of pruning material and 
amount added, soil type, environment and the time after the 
addition. The soil organic matter in the top 10cm after the 
application of various amounts of Leucaena leucocephala, 
Flemingia congesta and Sesbania sesban prunings are shown in 
Table A.6. 
There was an apparent decline in organic matter from the 
two depths after the first season (control vs initial). In the 
plots that received MPT prunings, organic matter ranged from 
1.37 percent to 2.22 percent. While none of the plots that 
received prunings had attained organic matter values above the 
initial contents at 5 - 10cm depth, about 50 percent of the 
soils sampled had gone above the values in the top 0 - 5cm 
depth. It was observed that with Leucaena, the unfertilized 
plots had higher organic matter than the fertilized plots at the 
0 - 5cm depth. At the 5 - 10cm depth, fertilized plots 
contained higher organic matter values than the unfertilized 
plots. Except in one case, Sesbania sesban almost showed the 
opposite effect of Leucaena. The Flemingia trends were 
mixed. Explanation of these trends and levels of organic matter 
might well be associated with differences in decomposition rates 
and leaching. 
Summary 
First year results from Leucaena leucocephala, Flemingia 
congesta and Sesbania sesban managed hedgerows for maize yield 
and soil property improvement are presented. Simple analysis 
was done on the growth and biomass yield of the three MPTs. At 
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12 months after planting, the MPTs had grown to 80 - 260cm. The 
prunlngs as blomass yield were from 1.4 - 11.5 tons/hectare 
depending on species and cutting height. In maize alleys that 
had Flemingia congesta prunlngs (with or without chemical 
fertilizer), maize stover yield was 40 percent higher than the 
control. Maize grain yields of 4 - 30 percent over the control 
were obtained in all maize alleys that received MPT prunlngs and 
fertilizer. In all maize alleys that received MPT prunlngs 
alone, the grain yields were consistently lower (30-60%) than in 
the fertilized plots. 
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Table A.l. Height of Leucaena. Fleminaia and Sesbania hedgerows 
Multipurpose Times of Measurements 
Trees 
10/3/88 10/5/88 12/7/88 12/9/88 1/12/88 
Leucaena 
leucocephala 28 (6) 46 (21) 51 (17) 60 (18) 79 (15)» 
Flemingia 
congesta 21 (10) 39 (20) 50 (21) 63 (25) 94 (27) 
Sesbania 
sesban 74 (6) 153 (7 )  200 (6) 237 (18) 260 (13) 
a = All figures are means. Standard deviations are in 
parentheses 
Dates are in the order of day/month/year 
Table A.2. Wood yields from MPT hedgerows 
Multipurpose Cutting Wood Plot Wood 
Trees Height Yield Range Yield 
(cm) (kg/plot) (kg) (t/ha) 
Leucaena 50 3.85 1.5 - 9.0 5.7 
leucocephala (2.6) (4.2) 
100 1.13 0 - 3.5 1.7 
(1.3) (1.9) 
Flemingia 50 6.10 0.1 - 11.5 9.1 
congesta (4.2) (6.2) 
100 2.50 3.7 
(2.98) (4.4) 
Sesbania 50 63.47 19 - 107.5 9.3 
sesban (30.97) (4.6) 
100 43.17 6.5 - 107 
(34.87) 
6.4 
(5.2) 
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Table A.3. Prunings from Leucaena. Fleminqia and Sesbania 
hedgerows for the maize alleys 
Treatments 
Multipurpose 
Trees Cutting Fert/®' Amounts of Prunings 
Height Level (kg/ha per cutting) Total 
(cm) (kg/ha) 1st 2nd 3rd 4th (kg/ha) 
Leucaena 50 0 525 1781 609 283 3198 
leucocephala (141) (331) (96) (81) 
50 150 298 1286 600 301 2485 
(251) (149) (105) (64) 
100 0 134 1200 646 338 2318 
(77) (642) (105) (64) 
100 150 626 1328 942 353 3254 
(44) (717) (121) (113) 
Flemingia 50 0 373 606 624 336 1739 
congesta (183) (227) (43) (67) 
50 150 445 525 354 269 1593 
(291) (122) (42) (63) 
100 0 459 512 776 590 2337 
(410) (290) (234) (208) 
100 150 148 408 521 343 1420 
(83) (132) (108) (47) 
Sesbania 50 0 2672 2469 1880 431 7452 
sesban (904) (560) (493) (81) 
50 150 2300 2682 346 2323 7651 
(356) (117) (465) (61) 
100 0 1808 2333 2973 870 7984 
(536) (680) (972) (228) 
100 150 2931 3839 3628 1062 11560 
(1022) (1009) (533) (305) 
a = 150kg/ha urea top dressed and 200kg/ha DAP at planting 
All figures are means. The figures in parentheses are standard 
deviations 
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Table A.4. Maize stover yields from Leucaena. Fleminaia and 
Sesbania managed alleys (1988/89 crop season) 
Treatments Stover Yields 
Multipurpose 
Fert.(*) 
Increase/ 
Trees Cutting Stover decrease 
Height Level Yield SD CV over 
(cm) (kg/ha) (kg/ha) (%) control''" 
Leucaena 50 0 4558 694 15 -14 
leucocephala 50 150 5892 509 9 +12 
100 0 4336 1001 23 -18 
100 150 3891 1576 41 -26 
Flemingia 50 0 2669 883 33 -49 
congesta 50 150 6670 1857 28 +26 
100 0 7782 2525 32 +49 
100 150 7559 1263 17 +43 
Sesbania 50 0 6781 694 10 +23 
sesban 50 150 4447 770 17 -16 
100 0 6003 1334 22 +14 
100 150 5225 2010 38 -1 
Control - - 5280 2050 54 -
a = Percentage below or above the control 
b = 150kg/ha urea top dressed and 200kg/ha DAP at planting 
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Table A.5. Maize grain yields from Leucaena. Fleminaia and 
Sesbania manaaed allevs (1988/89 crop season) 
Multipurpose 
Fert.^  ^
Increase/ 
Trees Cutting Grain decrease 
Height Level Yield SD CV , over 
(cm) (kg/ha) (kg/ha) (%) control^ " 
Leucaena 50 0 1859 613 33 -66 
leucocephala 50 150 7204 337 5 +31 
100 0 1947 337 17 -64 
100 150 7301 773 11 +33 
Flemingia 50 0 2819 441 16 —49 
congesta 50 150 6912 1216 28 +26 
100 0 3699 1021 28 -33 
100 150 6133 876 14 +12 
Sesbania 50 0 2823 1608 57 -49 
sesban 50 150 5841 1012 17 +6 
100 0 2725 337 12 —50 
100 150 5739 2490 43 +4 
Control — 150 5497 1769 32 
a = Percentage below or above the control 
b = 150kg/ha urea top dressed and 200kg/ha DAP at planting 
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Table A. 6. Effects of Leucaena leucocephala. Fleminaia conaesta 
and Sesbania sesban prunings from two cutting 
heights and N-fertilizer levels on surface organic 
matter 
Multipurpose 
Trees 
Cutting 
Height 
(cm) 
Fertilizer 
levels 
(kg/ha) 
Soil depth 
(cm) 
0—5 
sampled 
5-10 
Leucaena 50 0 2.13 1.85 
leucocephala 50 150 1.66 2.22 
100 0 1.56 1.46 
100 150 1.37 1.75 
Flemingia 50 0 2.22 2.18 
congesta 50 150 1.66 2.13 
100 0 1.37 1.66 
100 150 2.22 1.37 
Sesbania 50 0 1.70 1.94 
sesban 50 150 2.04 2.04 
100 0 1.37 1.66 
100 150 2.08 1.42 
Control^ ®' mm 1.70 1.94 
Initial^ w — — 1.96 2.36 
a 
b 
= Control plots that received recommended fertilizers. 
= Organic matter sampled before the application of the 
prunings. 
253 
SADCC/ICRAF ZONAL AGROFORESTRY PROJECT 
EXCERPTS OF THE 1989/90 ANNUAL REPORT, CHALIMBANA, LUSAKA, 
ZAMBIA 
Prepared by 
Kamara C.S. 
November, 1990 
254 
Multi-purpose Trees/Soil Improvement Trials 
1. Alley Cropping Trial 
Summary 
Second year results are presented from Leucaena, Flemingia 
and Sesbania managed alley cropping experiments that were 
initiated to study the effects of various managements of the 
MPTs for maize growth and yield and soil property improvement. 
Maize grown on plots that received MPT prunings and fertilizers 
grew taller with higher grain and stover yields than on plots 
with MPT prunings alone or controls without prunings (with or 
without fertilizers). 
Introduction 
Research into the use of multi-purpose trees (MPTs) in 
agroforestry technologies such as alley cropping received a lot 
of attention by various research scientists during the decade of 
the 80s. Though the alley cropping technology has been shown to 
have potential, especially as a nitrogen source for agricultural 
crops, there are still numerous urgent and important research 
problems in the alley cropping technology. Selection of 
suitable MPTs technologies at specific locations and the 
management of the MPTs to obtain the maximum services and 
functions of the trees, are examples of the key current research 
issues. The height to which Leucaena leucocephala is cut to 
obtain prunings, influence the amount of biomass produced and 
hence the N-yield. Information such as cutting height for 
selected and adaptable species at a location should be important 
in the agroforestry technology generation and development. 
While the concept to use prunings from MPTs as N-sources 
has been popularized, the need for supplemental organic N-
sources for optimum yield has been shown. What is clear for 
maize growing areas is that the use of MPTs as N-sources for the 
maize in the alleys would require studies not only on the 
management of the MPTs but also in other areas of research, N-
management in the presence and absence of prunings for specific 
soils and environments. This report is on the second year 
results of Leucaena leucocephala, Flemingia congesta and 
Sesbania sesban managed alleys for maize grown on sandy soils in 
the unimodal ecozone of Zambia. 
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Materials and Methods 
Site, soils, treatment and design 
The treatments were double hedgerows of Leucaena 
leucocephala, Flemingia congesta and Sesbania sesban pruned at 
50cm and 100cm and two fertilizer levels. The treatment 
combinations were arranged in an incomplete block design and 
with three replications. 
Management of the Trials 
The trials are now in their second year. The same 
management used in the 1988/89 season was followed except that 
there were only two prunings this year as compared to four 
pirunings in the 1988/89 crop season. 
Results and Discussion 
(i) MPT Biomass 
Two cuttings were obtained for the 1989/90 crop season. 
Total biomass as prunings for the maize alleys were 1.5 - 2.3 
tons/hectare for Leucaena leucocephala and Flemingia congesta 
and 1.3 - 3.2 tons/hectare for Sesbania sesban (Table A.7). 
The amount of prunings from the Sesbania sesban hedges were 
drastically reduced because of die-back and termite attack. 
Third and fourth cuttings were not carried out, as in the 
previous crop season, because of low rainfall during 1989/90. 
(ii) Maize Growth and Yield 
(a.l) Plant Height 
Maize plant heights recorded at 45, 59, 73 and 87 DAP are 
shown in Table A.8. Maize that received the MPT prunings and 
the fertilizer were taller than the maize on control plots 
(unfertilized and no MPT pruning application, and control plots 
fertilized) and on the plots that received MPT prunings and 
without fertilizers. 
(a.2) Grain and Stover Yield 
As in the previous year, both maize and stover yields from 
the alleys that received MPT prunings and fertilizers were 
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higher than those obtained from alleys that received MPT 
prunings alone (Table A.9). Maize yields in this crop season 
were very low due to erratic rainfall distribution. As control 
of rainfall amount and distribution is not likely to be possible 
in the near future, it will be important also to note crop 
performance on MPT managed alleys during seasons of above and 
below average rainfall. 
Weeds 
Weed control in MPT managed alleys should be an important 
aspect in the development of an alley farming technological 
package. Table A.10 contains weed biomass data measured at 26 
DAP in the maize and in the hedges. Weed biomass in the hedges 
were included to compare weed control amongst MPTs. Weeds were 
lower in Leucaena hedges than in the Flemingia and Sesbania 
hedges and the controls. 
The Leucaena provided more ground cover that could have 
resulted in lower weed growth than in the other MPTs and the 
control. 
In general, weeds were higher in alleys that received 
prunings and fertilizers than in the unfertilized MPT managed 
alleys. If, in addition to soil improvement and enhanced crop 
yields, some MPTs can have the ability to suppress weeds, the 
weed control aspect should be important in the development of 
alley farming technology. 
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Table A.7. Prunings from Leucaena. Fleminaia and Sesbania 
hedgerows for the maize alleys 
(1989/90 crop season) 
Number of Cuts 
Multipurpose 
Species Cutting Fert. First Second 
Height Level Mean SE Mean SE Total 
(cm) (kg/ha) (kg/ha) (kg/ha) (kg/ha) 
Leucaena 50 0 1544 124 535 75 2079 
leucocephala 50 120 701 133 577 77 1278 
100 0 782 139 736 61 1518 
100 120 926 213 783 102 1709 
Flemingia 50 0 1138 123 240 7 1378 
congesta 50 120 1446 194 225 13 1671 
100 0 1411 41 663 227 2074 
100 120 1249 238 277 15 1526 
Sesbania 50 0 766 133 392 29 1158 
sesban 50 120 1411 323 641 33 2052 
100 0 1070 231 912 80 1982 
100 120 1260 238 1318 405 2578 
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Table A.8. Heights of maize plants from Leucaena. Fleminaia and 
Sesbania managed alleys (1989/90 crop season) 
Multipurpose Cutting Pert. Plant Height 
Species Height Level (DAP) 
(cm) (kg/ha) 
45 59 73 87 
Leucaena 50 0 51 (6) 87 (10) 108 (15) 125 (10) 
leucocephala 50 120 75 (5) 154 (6) 209 (10) 209 (15) 
100 0 41 (4) 79 (4) 105 (8) 137 (9) 
100 120 67 (2) 132 (6) 190 (13) 191 (17) 
Flemingia 50 0 49 (6) 88 (5) 126 (6) 155 (8) 
congesta 50 120 60 (5) 123 (9) 184 (2) 196 (2) 
100 0 45 (5) 85 (8) 109 (11) 141 (9) 
100 120 75 (13) 132 (15) 180 (23) 197 (17) 
Sesbania 50 0 53 (6) 95 (7) 136 (17) 153 (14) 
sesban 50 120 58 (8) 116 (8) 185 (6) 189 (2) 
100 0 59 (3) 108 (4) 167 (8) 174 (11) 
100 120 65 (5) 126 (10) 187 (11) 197 (10) 
Control — 0 60 (9) 106 (15) 132 (25) 155 (18) 
120 65 (7) 122 (7) 174 (15) 184 (12) 
Figures are means. Standard deviations are in parentheses 
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Table A.9; Maize grain and stover yields from Leucaena. 
Fleminaia and Sesbania managed alleys 
(1989/90 crop season). 
MPT Cutting Fertilizer Yield (kg/ha) 
Species Height Level 
(cm) (kg/ha) Maize Stover 
Leucaena 50 0 466 (273) 3623 (1331) 
leucocephala 50 120 1970 (110) 5685 (259) 
100 0 368 (162) 1808 (270) 
100 120 1191 (302) 4832 (426) 
Leucaena 50 0 1246 (282) 3282 (385) 
leucocephala 50 120 1800 (199) 6445 (297) 
100 0 709 (154) 2405 (311) 
100 120 1661 (442) 5116 (695) 
Leucaena 50 0 1504 (355) 3213 (656) 
leucocephala 50 120 1838 (242) 5003 (154) 
100 0 1254 (278) 3479 (674) 
100 120 2254 (575) 5448 (1171) 
Control — 0 1163 (359) 3281 (593) 
- 120 1417 (169) 5102 (147) 
a = Figures are means and standard errors are in parentheses 
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Table A. 10: Comparison of weed biomass from Leucaena. Fleminaia 
and Sesbania managed alleys and hedges. 
MPT Cutting Fertilizer Weeds (t/ha)"" 
Species Height Level 
(cm) (kg/ha) Maize Hedges 
Leucaena 50 0 4.2 (1.7) 3.6 (0.1) 
leucocephala 50 120 5.8 (0.5) 9.1 (3.8) 
100 0 4.8 (0.3) 7.5 (0.8) 
100 120 6.8 (1.6) 8.0 (1.9) 
Leucaena 50 0 3.3 (0.6) 20.5 (2.1) 
leucocephala 50 120 5.2 (0.6) 17.6 (1.1) 
100 0 4.0 (0.9) 12.3 (1.3) 
100 120 3.5 (0.9) 13.5 (1.6) 
Leucaena 50 0 5.3 (1.2) 22.3 (3.2) 
leucocephala 50 120 5.6 (0.9) 17.0 (0.2) 
100 0 3.6 (1.1) 17.6 (5.4) 
100 120 5.6 (0.9) 17.8 (2.2) 
Control 0 9.2 (1.3) 21.8 (3.2) 
- 120 8.6 (1.3) 18.7 (1.8) 
a = Figures are means and +/- standard errors in parentheses 
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4 
APPENDIX II 
THE ROLE OF FORESTS 
Forests and forest resources are a very important component 
of the Zambian economy. The importance of forest resources and 
some of their main uses are outlined in this section. 
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Figure 1. The role of forests 
1. ECOLOGICAL EFFECTS 
Catchment protection 
Controlled run off 
Water supplies 
Irrigation 
Soil fertility 
Oxygen 
Ecology and wildlife conservation 
Recreation 
Tourism 
National parks 
Protection of endangered species of flora and fauna 
Soil erosion control 
Windbreaks 
Shelter belts 
Dune fixation 
Reclamation of eroded lands 
2. INDIGENOUS CONSUMPTION 
Fuelwood and charcoal 
Cooking 
Heating and 
Household uses 
Agricultural uses 
Shifting cultivation 
Forest grazing 
Nitrogen fixation 
Mulches 
Fruits and nuts 
Source: Congress of the U.S., Office of Technology Assessment, 
Technologies to Sustain Tropical Forest Resources, p.41 
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Figure 1. continued 
Building poles 
Housing 
Buildings 
Construction 
Fencing 
Furniture 
Pit sawing and saw milling 
Joinery 
Furniture 
Construction 
Farm buildings 
Weaving Materials 
Ropes and strings 
Baskets 
Furniture 
Furnishings 
Sericulture, apiculture, ericulture 
Silk 
Honey 
Wax 
Lac 
Special woods and ashes 
Carving 
Incense 
Chemicals 
Glass making 
3. INDUSTRIAL USES 
Gums, resins and oils 
Naval stores 
Tannin 
Turpentine 
Distillates 
Resin 
Essential oils 
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Figure 1. Continued 
Charcoal 
Reduction agent for steel making 
Chemicals 
Polyvinyl chloride (PVC) 
Dry cells 
Poles 
Transmission poles 
Pitprops 
Sawlogs 
Lumber 
Joinery 
Furniture 
Packing 
Ship building 
Mining 
Construction 
Sleepers 
Veneer logs 
Plywood 
Veneer 
Furniture 
Containers 
Construction 
Pulpwood 
Newsprint 
Paperboard 
Printing and writing paper 
Containers 
Packaging 
Dissolving pulp 
Distillates 
Textiles and clothing 
Residues 
Particle board 
Fiberboard 
Wastepaper 
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APPENDIX III 
STATUS OF TROPICAL FORESTS IN AFRICA 
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Table A.11. Closed forests in tropical Africa, 1980 
(thousands of hectares) 
Closed forest Percent of 
Country Total area area total 
Zaire 226, 760 105, ,750 46.6 
Congo 34, 200 21, ,340 62.4 
Gabon 26, 767 20, ,340 76.6 
Cameroon 47, 544 17, ,920 37.7 
Madagascar 59, 099 10, ,300 17.4 
Nigeria 92, 377 5, 950 6.4 
Ivory Coast 32, 246 4, 458 33.8 
Ethiopia 122, 190 4, 350 3.6 
Central African Republic 62, 298 3, 590 5.8 
Zambia 75, 261 3, 010 4.0 
Angola 124, 670 2, 900 2.3 
Guinea 24, 586 2, 050 8.3 
Liberia 9, 632 2; ,000 20.8 
Ghana 23, 854 1, 718 7.2 
Somalia 63, 754 1, 540 2.4 
Tanzania 93, 970 1. ,440 1.5 
Equatorial Guinea 2, 806 1, 295 46.2 
Kenya 58, 037 1, 105 1.9 
Mozambique 78, 303 935 1.2 
Uganda 19, 684 765 3.9 
Sierra Leone 7, 333 740 10.1 
Guinea-Bissau 3, 613 660 18.3 
Sudan 250, 581 650 0.3 
Chad 128, 400 500 0.4 
Togo 5, 680 304 5.4 
Senegal 19, 672 220 1.1 
Zimbabwe 38, 936 200 0.5 
Malawi 11, 858 186 1.6 
Rwanda 2, 634 120 4.6 
Gambia 1, 040 65 6.2 
Source: Congress of the U.S., Office of Technology Assessment, 
Technologies to Sustain Tropical Forest Resources, p.323 
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Table A.11. continued 
Country Total area 
Closed forest 
area 
Percent of 
total 
Benin 11,262 47 0.4 
Burundi 2,783 26 0.9 
Botswana 57,500 na m 
Namibia 82,429 na IB 
Upper Volta 27,420 na ra 
Niger 126,700 na ra 
Mali 120,383 na IB 
Total 2,176,279 216,634 10.0 
No data; in most cases this is where the areas are very 
small. 
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Table A.12. Condition of closed forests in tropical Africa, 
1980 
Physically Parks and 
Country Undisturbed Logged Managed unproductive protected 
(%) (%) (%) (%) areas 
Zaire 75 na na 19 5 
Congo 48 16 na 35 1 
Gabon 52 45 na 3 na 
Cameroon 39 55 na 5 na 
Madagascar 16 49 na 26 9 
Nigeria 6 44 na 50 na 
Ivory Coast 
Ethiopia 
4 69 na 12 15 
15 23 na 62 na 
C.African Rep. 87 10 na 3 na 
Zambia 11 65 na 16 7 
Angola 0 84 na 16 na 
Guinea 56 15 na 29 na 
Liberia 45 21 na 34 na 
Ghana na 9 68 na 23 
Somalia na 6 na 94 na 
Tanzania 17 40 na 14 28 
Egu. Guinea 61 18 na 22 na 
Kenya 22 16 6 4 52 
Mozambique 7 41 na 49 3 
Uganda 13 16 58 5 8 
Sierra Leone na 30 na 70 na 
Guinea-Bissau 54 11 na 36 na 
Sudan na 45 8 47 na 
Chad 100 na na na na 
Togo 15 68 na 17 na 
Senegal 6 na na 65 29 
Zimbabwe na na na 100 na 
Malawi na 22 na na 78 
Rwanda na 47 na 40 13 
Gambia na 8 na 92 na 
No data; in most cases this is where the areas are very 
small. 
Source: FAO as cited by the Congress of the U.S., Office of 
Technology Assessment, Technologies to Sustain Tropical 
Forest Resources. 1984 p.324 
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Table A.12. continued 
Physically Parks and 
Country Undisturbed Logged Managed unproductive protected 
(%) (%) (%) (%) areas 
Benin 30 70 na na na 
Burundi na 23 na 15 62 
Botswana na na na na na 
Namibia na na na na na 
Upper Volta na na na na na 
Niger na na na na na 
Mall na na na na na 
Total 55 20 1 20 4 
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Table A.13. Open forest and shrubland in tropical Africa, 1980 
(thousands of hectares) 
Open Percent of Percent of 
Country forest total area Shrubland total area 
Zaire 71 840 31. 7 11,300 5. 0 
Angola 50 700 40. 7 16,150 13. 0 
Sudan 47 000 18. 8 87,000 34. 7 
Tanzania 40 600 43. 2 13,800 14. 7 
Botswana 32 560 56. 6 20,000 34. 8 
Central African Rep. 32 300 51. 8 7,000 27. 3 
Zambia 26 500 35, 2 3,200 4. 2 
Ethiopia 22 800 18. 7 25,000 20. 5 
Zimbabwe 19 700 50 6 900 2. 3 
Namibia 18 420 22 3 37,315 45. 3 
Mozambique 14 500 18. 5 29,000 37. 0 
Chad 13 000 10. 1 9,750 7. 6 
Senegal 10 825 55. 0 1,365 6. 9 
Nigeria 8 800 9 5 36,800 39. 8 
Mali 8 800 7 3 6,000 5. 0 
Guinea 8 600 35 0 7,000 28. 5 
Cameroon 7 700 16 2 9,500 20. 0 
Somalia 7 510 11 8 53,000 83. 1 
Upper Volta 7 200 26. 3 3,000 10. 9 
Ghana 6 975 29 2 300 1. 3 
Ivory Coast 5 376 16 7 60 0. 2 
Uganda 5 250 26 7 100 0. 5 
Malawi 4 085 34 .4 380 3. 2 
Benin 3 820 33 .9 3,075 27. 3 
Madagascar 2 900 4 .9 4,000 6. 8 
Niger 2 900 2 3 6,000 4. 7 
Guinea-Bissau 1 445 40 0 17 0. 5 
Togo 1 380 24 3 2,265 39. 9 
Sierra Leone 1 315 17 .9 3 na 
Kenya 1 255 2 .2 37,500 64. 6 
t"®' No data; in most cases this is where the areas are very 
small. 
Source: FAO as cited by the Congress of the U.S., Office of 
Technology Assessment, Technologies to Sustain Tropical 
Forest Resources. 1984 p.326 
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Table A.13. continued 
Open Percent of Percent of 
Country forest total area Shrubland total area 
Gambia 150 14.4 360 34.6 
Rwanda 110 4.2 90 3.4 
Gabon 75 0.3 na na 
Liberia 40 0.4 100 1.0 
Burundi 14 0.5 na na 
Congo na na 1,400 4.1 
Equatorial Guinea na na 10 0.4 
Total 486,445 22.4 442,740 20.3 
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Table A.14. Forest fallow in tropical Africa 
Ratio of forest 
Forest fallow fallow to closed 
Country (1,000 ha) forest 
Sierra Leone 3,860 5.2 
Ghana 6,500 3.8 
Liberia 5,500 2.8 
Ivory Coast 8,400 1.9 
Angola 4,850 1.7 
Nigeria 7,750 1.3 
Sudan 600 0.9 
Equatorial Guinea 1,165 0.9 
Togo 250 0.8 
Guinea 1,600 0.8 
Mozambique 500 0.5 
Burundi 14 0.5 
Zambia 900 0.3 
Cameroon 4,900 0.3 
Madagascar 3,500 0.3 
Guinea-Bissau 170 0.3 
Rwanda 25 0.2 
Benin 7 0.2 
Tanzania 100 0.1 
Gabon 1,500 0.1 
Zaire 7,800 0.1 
Central African Rep. 300 0.1 
Congo 1,100 0.1 
Ethiopia 300 0.1 
Kenya 55 0.1 
Uganda na na 
Somalia na na 
Zimbabwe na na 
Botswana na na 
Namibia na na 
No data; in most cases this is where the areas are very 
small. 
Source: FAO as cited by the Congress of the U.S., Office of 
Technology Assessment, Technologies to Sustain Tropical 
Forest Resources. 1984 p.327 
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Table A.14. continued 
Ratio of forest 
Forest fallow fallow to closed 
Country (1,000 ha) forest 
Malawi na na 
Chad na na 
Gambia na na 
Mali na na 
Niger na na 
Senegal na na 
Upper Volta na na 
Total 61,646 0.3 
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Table A.15. Forest plantations in tropical Africa, 1980 
Total land Area of Industrial Nonindustrial 
area plantations plantations plantations 
Country (1,000 ha) (ha) (%) (%) 
Madagascar 58,693 266 000 42 58 
Sudan 250,658 187 850 31 69 
Kenya 
Nigeria 
58,272 180 900 87 13 
92,361 163 300 90 10 
Angola 124,680 157 200 43 57 
Zimbabwe 38,936 100 250 71 29 
Ethiopia 122,187 98 200 1 99 
Tanzania 94,239 97 750 69 31 
Malawi 11,847 80 300 97 3 
Ghana 23,856 75 250 35 65 
Uganda 23,607 45 700 30 70 
Ivory Coast 32,243 44 900 84 16 
Zambia 75,261 38 000 88 12 
Rwanda 2,635 29 000 12 88 
Mozambique 78,311 25 400 63 37 
Zaire 234,628 22 500 84 16 
Burundi 2,721 19 500 33 67 
Gabon 26,766 19 000 63 37 
Benin 11,261 19 000 41 59 
Cameroon 47,541 18 500 56 44 
Congo 34,199 16 800 100 0 
Senegal 19,671 12 500 28 72 
Upper Volta 27,418 12 000 0 100 
Togo 5,685 11 300 67 33 
Somalia 63,732 11 000 0 100 
Liberia 11,135 6 300 100 0 
Niger 126,638 6 000 0 100 
Sierra Leone 7,334 5 800 91 9 
Chad 128,449 3 200 0 100 
Guinea 23,852 2 850 75 25 
Source: FAO as cited by the Congress of the U.S., Office of 
Technology Assessment, Technologies to Sustain Tropical 
Forest Resources. 1984 p.328 
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Table A.15. continued 
Total land Area of Industrial Nonindustrial 
area plantations plantations plantations 
Country • (1,000 ha) (ha) (%) (%) 
Mali 120, ,383 1, 900 11 89 
Gambia 1, ,040 1, 300 100 0 
C. African Rep. 62, ,298 500 0 100 
Guinea-Bissau 3, ,613 350 86 14 
Namibia 82, ,416 300 100 0 
Botswana 57, ,496 na - -
Equatorial Guinea 2, 805 na 
Total 2, 189, ,595 1,780, ,600 56 44 
No data; in most cases this is where the areas are very 
small. 
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Table A.16 Deforestation in tropical Africa, 1981-85 
Annual 
deforestation Percent 
of closed forests deforested 
Country (1,000 ha) per year 
Ivory Coast 290 6.5 
Nigeria 300 5.0 
Rwanda 3 2.7 
Burundi 1 2.7 
Guinea-Bissau 17 2.6 
Benin 1 2.6 
Liberia 46 2.3 
Guinea 36 1.8 
Kenya 19 1.7 
Angola 44 1.5 
Madagascar 150 1.5 
Ghana 22 1.3 
Uganda 10 1.3 
Zambia 40 1.3 
Mozambique 10 1.3 
Sierra Leone 6 0.8 
Togo 2 0.7 
Tanzania 10 0.7 
Sudan 4 0.6 
Chad 2 0.4 
Cameroon 80 0.4 
Zaire 182 0.2 
Somalia 4 0.2 
Ethiopia 8 0.2 
Equatorial Guinea 3 0.2 
Central African Rep. 5 0.1 
Congo 22 0.1 
Gabon 15 0.1 
Botswana na na 
Namibia na na 
No data; in most cases this is where the areas are very 
small. 
Source: PAO as cited by the Congress of the U.S., Office of 
Technology Assessment, Technologies to Sustain Tropical 
Forest Resources. 1984 p.330 
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Table A.16 continued 
Annual 
deforestation Percent 
of closed forests deforested 
Country (1,000 ha) per year 
Zimbabwe na na 
Mali na na 
Malawi na na 
Upper Volta na na 
Senegal na na 
Niger 
Gambia 
na na 
na na 
Total 1,332 0 . 6  
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Table A.17. Per capita open forest areas in tropical Africa, 
1980 
Open forest Hectares of 
Country area open forest 
(1,000 ha) per capita 
Botswana 32,560 40.3 
Namibia 18,420 18.3 
Central African Rep. 32,300 14.1 
Angola 50,700 7.2 
Zambia 26,500 4.6 
Chad 13,000 2.9 
Z imbabwe 19,700 2.7 
Sudan 47,000 2.6 
Zaire 71,840 2.5 
Guinea-Bissau 1,445 2.5 
Tanzania 40,600 2.3 
Senegal 10,825 1.9 
Guinea 8,600 1.7 
Somalia 7,510 1.6 
Mozambique 14,500 1.4 
Mali 8,800 1.3 
Benin 3,820 1.1 
Upper Volta 7,200 1.0 
Cameroon 7,700 0.9 
Malawi 4,085 0.7 
Ethiopia 22,800 0.7 
Ivory Coast 5,376 0.7 
Ghana 6,975 0.6 
Niger 2,900 0.5 
Togo 1,380 0.5 
Sierra Leone 1,315 0.4 
Uganda 5,250 0.4 
Madagascar 2,900 0.3 
Gambia 150 0.2 
Gabon 75 0.1 
Source: FAO as cited by the Congress of the U.S., Office of 
Technology Assessment, Technologies to Sustain Tropical 
Forest Resources. 1984 p.331 
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Table A.17. Continued 
Open forest Hectares of 
Country area open forest 
(1,000 ha) per capita 
Kenya 1,255 0.1 
Nigeria 8,800 0.1 
Congo na b 
Equatorial Guinea na b 
Liberia 40 b 
Rwanda 110 b 
Burundi 14 b 
Total 486,445 1.4 
No data; in most cases this is where the areas are very 
small. 
Less than 0.05 forest hectares per capita. 
